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joint program was undertaken by the NASA Lewis Research Center 
and the Army Aviation Systems Command to restore by grinding 
those rolling-element bearings which are currently being discarded 
at aircraft engine and transmission overhaul. 

Three bearing types were selected from the UH-1 helicopter engine^ 
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(T-53) and transmission for tho pilot program. - n 6roups of each of 
" ere •«<* dlmnslonalliylnspected for 

fo r ^s^oritlon. A total of 250(bear1ngs were 
restored by grinding. Of this Wilber, 30 beCTTffiflDfroie each 

iJf?..!ir*.!!! durt !l ce J*!*!^* 0 * TOO of 1600 hours/^No bearing 
Thl**rJ $ k2f c ? rr#d J!?] 4 * ed J? r »*tor»t1on by grinding process.^ 
Th ?*5*° Allure which occurred were due to defective 

rolling elements and were typical of those which nay occur In , 

*** bearings. The restorable component yield to tbe three groups! 
was In excess of on P ^ C ent. * 

he risk and cost of a bearing restoration by grinding programs 
was analyzed. A microeconomic Impact analysis was perform#,. 

The program will result In the Government obtaining beerlngslK 
lower cost and equivalent reliability. ¥ 
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FOREWORD 

Th« U .S . Army Aviation Systems Command (AVSCOM) ia one of sovaral 
major commodity commands under the nswiy designated U .8. Army Do vol op ms nt 
and Readiness Command. AV8COM ia responsible tar the technical management 
and supply support of over 9 800 military aircraft, primarily helicopters’. 

These aircraft are assigned not only to active army unite* but also include 
those operated by the. National Guard and Reserve components . The AtfSCOM 
mission includes continuous efforts to identify end implement improved methods 
for the support of the user while reducing the. tot& oost of dwnership_of all assigned 
items of equipment . 

One potential for extending the service life and reducing the ooet of ownership 
for Army aircraft was suggested to AV8COM by the NASA Imwis Research Center 
at Cleveland. Ohio. Their concept was to restore, through grinding, those 
bearings which, under normal overhaul end maintenance procedures, would be 
discarded. Their technical analysis of the feasibility of restoring rolling-element 
bearings through grinding indicated that most suCh bearings could be returned 
to a new condition when reworked under a oontrcUed process. They hlso indicated 
potential coat savings that ooUld be at t ai ne d through the application of the hairing 
restoration process. 

A joint Army-NASA task was initiated to identify, locate, end subsequently 
performance qualify rolling-element bearings restored through grinding under 
e pilot program. After considering e wide range of candidate bearings for the 
program , it was decided to select bearings used on the OH-1/T63 airframe/engine 
system . One bearing selected was the split-inner-ring nlainshaft'bsU bearing 
from the T-83 engine . A second bearing selected, alec (Tom the engine, was 
the radial roller mainahaft bearing. The third butting’ selected wis the triplex 
input pinion ball bearing from tfeb UH--1 main transmission. 

A total of 829 of the shove three typefc Of candidate bearings , removed from 
the engines and transmissions during tfi* overhaul process, Were identified 
for the restoration program. All of these hearings wars closely examined by 
the bearing contractor. Industrial Tectonics , Inc. (IT1), prior to being restored 
in order to record all partinant visual and dimensional data. In addition, ell 
ring elements wars subjected to magnaflux and hardness tasting to further 
substantiate the baseline from which all future events could be judged . From 
the original quantity of 819 bearings, 280 wars introduced into the restoration 
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process although approximately 93 pcrcentof the initial quantity of bearings 
was Judged by IT! to be restorable. This consisted of 50 bearings each of 
the two engine bearings and ISO of the triplex bearlnge discussed above. 

An extensive program was undertaken to "requalify" these b e a rin gs under 
s controlled program of laboratory inspections and tests, and by actual engine 
and transmission test stand operations with the refurbished bearings installed. 

All qualification testing was conducted independently of m. The NASA-Lewia 
Research Center prepared the technical specification Dor the b ea ring rig testing 
portion of the program . The Corpus Christi Army Depot prepared and conducted 
the engine and transmission simulated operational tests .-The results of fids 
Joint program are to be presented at fids seminar . 

Consideration of the economics involved in the application of bearing restor- 
ation will also be presented . An economic analysis has been prepared by the 
NASA- Lew U Research Center. It is a guide for all interested organisations 
whe n decidi n g on bearing* that can be oost-eff actively restored . The immediate 
benefits are Obviously related to high initial cost or replacement cost of the 
bearings. The oost of restoration is also a function of the number of bearing 
replacements being generated by the fielded equipment. That is. the cost 
of restoration per bearing restored is olosely related to the setup of an economical 
quantity of bearings for the grinding process. Not all bearings would qualify 
for consideration as candidates on an economics basis . However, there *s 
a cross-over point on many bearings- at which it becomes more economical to 
restore than to replace the bearing. 

In summary , the results of this Joint program indicate that there are many 
potential aviation and nonaviation applications for restored bearings within 
the various military equipment programs. The objective of fids seminar is 
to provide the knowledge gained by AVSCOM to all organisations that may benefit 
by the implementation of this process into their new and on-going maintenance 
programs. 
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RESTORATION BY GRINDING OF AIRCRAFT BALL AMD ROLLER 
BEARINGS - A MANUFACTURER'S VIEWPOINT 
Heins Himu* 


Industrial Tectonics, Inc. 

Compton, California 

ABSTRACT 

A study was initiated by AVSCOM in conjunction with the NASA and CCAD to 
undertake a rolling-element bearing restoration by grinding pilot program. A 
90 percent yield can be achieved by the restoration process. The estimated cost 


savings to restore rolling-element bearings ranges from 2? to 47 percent of new 1 

bearing cost. Lot quantity for bearing restoration should correspond to the rate i 

at which bearings are removed from c ^ration and become available. Initial start- 
up time fro m signing of a purchase order to the first delivery of restored bearings . 
is six months . \ 
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INTRODUCTION 


Bearing refurbishment has been practiced in various forms by both the military 
and the airlines for the last 29 years. The.rapidly rising cost of engine and trans- 
mission bearings in today's more sophisticated turbomachinery has made it a 
matter of economic necessity to reconstitute aircraft-bearings by whatever viable 
techniques are available. 

Bearing refurbishment takes many forms depending on the facility which 
undertakes it. In most cases bearings are disassembled, cleaned, visually inspected 
and if no print discrepancies, flaws or major imperfections are found, the bearings 
are reassembled, lubricated and packaged for further service. 

In some cases new rolling elements are inserted. Those bearing refurbishment 
facilities which have the capability to do so, will also introduce a superficial pol- 
ishing operation on the raceways to remove minor raoeway imperfections and 
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blemishes . However, polishing of rsoewsye, unless done by specie! machines 
end under controlled conditions, can destroy raceway geometry, and surfaos 
conditi ons can be 'created which can adversely affect Ufa, It can therefore 
be dangerous under some circumstances to perform such a salvage polishing 
operation on high-performance turbomaohinsry bearings used in today's Jet 
engines. 

Restoration by grinding of rolling-element bearings removed from aircraft 
tn&nM and tranamiosiona at scheduled overhaul, ia anew oonoept developed 
in its present form by ITI in conjunction with the NASA Lewie Research Center, 
the Army Aviation Systems Command and the Corpus Christ! Army Depot. The 
objective of bearing restoration ia to reduce the number of bearings which are 
unnecessarily scrapped at overhaul and thus achieve considerable cost and 
raw material savings . Bearing restoration represents a logical extension of the 
practice of bearing refurbishment . The process entails grinding of races and 
other critical surfaces of used bearings to their original functional characteristics 
and dimensions . Grinding can remove raceway imperfections to significant 
d^pth" below the surface. In addition, this stock removal is accomplished by 
grinding races on the same machines and with the same controls as are used 
in the manufacture of new bearing raceways . The result is geometrical accuracy 
and surface finish identic 4 to new bearing raceways. 

The restoration by grinding process can be approached in two ways: (1) as 
a m vf » n a of reconstituting bearings with imperfections beyond the salvaging 
capability of the ordinary bearing refurbishment process; (2) as a sole means 
of reconstituting all used bearings to original functional characteristics and 
dimension's . The decision aa to which approach to use ia mainly one of economics, 
and one of the level of race imperfection which a given aircraft application can 

tolerate. 

Bearing refurbishment as practiced by the airlines and military services 
has already demonstrated the effectiveness of this salvage operation in reducing 
bearing replacement costs for aircraft engines and transmissions . Restoration 
by grinding will demonstrate further savings . The process will prove its *oo- 
nomic merits especially in reconstituting the more complex and thua more expen- 
eive aircraft bearing required for today and tomorrow’* more advanced end 
sophisticated aircraft engines and transmissions. Furthermore, these advanced 
anginas and transmissions cannot operate reliably with reconstituted bearings 
which do not possess the original design accuracy which restoration by grinding 


•ohiavfct . 

The objective of this paper i» to describe the restoration by grinding process 
which the IT1 Bearing Division has developed, the economic impact* and the 
manner in which such a program can be implemented and operated. The program 
was performed by Industrial Teotwiios Bearing Division under AVSCOM Contract 

DAAJ01-73-C-0501CP3L). 

OVBRHAUL PRACTICES 

Bearings removed at engine and transmission overhaul are cleaned and 
vis ually inspected for defects and dimensional conformance to print. Only those 
bearings are taken apart and subjected to detailed visual inspection which are 
by design* separable . Therefore* impending or minute fatigue spalling cannot 
be detected except by hand feel or noise casting. Both of the latter techniques 
are very subjective and can only be used with any degree of success by a bearing 
manufacturer and then only after reference criteria has been established on large 
production ru as of a given bearing. 

Table I shows the rejection rate of bearings removed from turbine engines 
and transmistions of the UH-1 helicopter . This data was taken over a three month 
period and shows that the engine bearing rejection is 56 percent, end the frans- 
missf< i bearing rejection rate is 47 percent. 

One major airline alone sends out 2400 jet engine raainshaft bearings and up 
to 12 000 accessory bearings per year for refurbishment . This particular airline 
has in operation at any one time approximately 750 JT8D engines which are used on 
727, 737 and DC-9 aircraft primarily. These are larger engines than the type used ^ 

in the UH-1 helicopter and the bearings used are more complex end more expensive . j 

A schematic layout o ,A the main body of the engine is shown in figure 1 . OEM 
prices for the bearings in this engine range from $120 for the relatively simple 
#4-1/2 position roller bearing, to $750 for the #4 split-iniwv-ring ball bearing 
duplex set. Since these bearings are furnished exclusively by the engine manufac- 
turer * who warrants them » the price that the airlines pay for these bearings is 
almost doubled. Refurbishing mainshaft beatings alone represents an annual 
savings cf close to $500 000 and to this figure can be added approximately another 
$500 000 in savings for the lefurbishment of all accessory bearings. 

Only 845 mainshaft bearings ore replaced annually to keep 750 engines flying . 

This is a very low figure particularly since commercial utilisation and return 
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on investment per engine requires their almost continuous ussgs. An equivalent 
military angina would uaa up bearings at perhaps three times that rate. This ia 
due to two factors: (1) commercial engines are traditionally over designed and 
(I) they do not operate under conditions as severe as those required of military 
engiinea. A helicopter transmission imposes perhaps the greatest operational 
loads or. Its bearings of all aircraft applications . 

The reliability of refurbished bearings which have been put back into service 
in jets has been phenomenal. Tbs experience cited by major airlines 

indicates that never knowingly had a refurbished bearing failed in engines between 
scheduled overhrd periods . Similar experience has been reported by tbs Navel Air 

Rework Facility in Sen Diego (ref. 1) . 

Based upon experience » approximately 10 percent of the bearings which ere 
rejected tell by whet is referred to as classical rolling-element fatigue. This 
failure mode Is the basis upon which bearing life is predicated (ref. 9) . As a 
result* approximately 00 percent of the rolling-element bearings which ere being 
rejected ter reuse in aircraft application can be refurbished or rector ed and 
reused. In other words, of the 4212 UH-1 bearings which found their way into 
the scrap bin it is probable that approximately 3800 oould be salvaged end reused 

(tablet). 

Bearing tetigue life has increased considerably in the lest 20 years due to 
the combined effort of the bearing industry* users, and Governmental independent 
research laboratories Crete. 2 end 3) . The improvements are mainly due to in- 
creased cleanliness of the steel achieved by more sophisticated steel malting 
techniques which haa greatly reduced impurities and to improved manufacturing 
processes . As a result, it ia anticipatad that bearings failing teom tetigue will 
be an even smaller percentage of those bearings rejected at overhaul . This will 
result in a greater number of bearings which can be refurbished or restored. 


RESTORATION BY GRINDING 

The ITI process of bearing restoration by grinding must be done on the same 
equipment end by the same skilled personnel as the manufacture of new turbo- 
machinery ball and roller bearings . The process constitutes approximately 
the lest 30 percent of the total operations required to make e new bearing. The 
process consists of the following steps: 
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(1) Visual inspsct all components to datarmine if tha bearing la rastorcble . 

(2) Grind and/or chrome plat# and grind aa raquirad to original print iIm 
and tolaranoaa tha outar ring o.d. and irtnar ring 1 .d. Thaaa ara tha baaring 
mounting dimanalona . 

(3) Grind and/or lap , aa raquirad , all faoes and lands . Thaaa may than 
baooma undaraiia by 0.001 -inch maximum which ia a nonsignificant variation 

and not functionally important . j 

(4) Remove by grinding C.Q02 inch par aide of stock on all race surfaces. 

Hone surfaces as raquirad to achieve original print surfaoa finish and race seats- .! 
racy. 1 

(5) On split-inner-ring (gothic arch) bearings only* remove by grinding I 

sufficient stock on the two mating inner faces to restore proper "shim dimension" j 

which restores bearing to correct contact angle , axial and radial play , end resting 1 

angle. j 

l 

(6) On roller bearing races, up to 0.002 inch per side of stock is removed by \ 

grinding of the channel faces . j 

(7) Manufacture new balls 0.004 inch oversize, and new rollers 0.004 inch j 

oversize on the o.d. and width. The identical material specification is used to \ 

produce these new rolling elements as in the original bearing. \ 

(8) All silver plaung is stripped from the separators . The separators are \ 

visually and non-destructively inspected for defects. Ball and roller retention * 

is reworked as required to retain oversized rolling elements. The separators j 

are silver plated and dynamically balanced as required. In the case of two piece 
separators or deep groove ball bearings, new rivets are used. 1 

] 

(0) The visual and dimensional inspection techniques , procedures and processes . 
as well as the inspection fixtures and gages used, are identical to those user! I 

for the manufacture of new bearings. Similarly . all non-destructive inspections 
performed are to the same specifications and procedures as those regularly employed 
in the manufacture of new bearings . This includes . as applicable: nital etch and j 
magnafiux of rings and rolling elements, magnaflux and die check of separators, 

X-ray and ultrasonic mainly on materials . j 

(10) Bearings restored by grinding are subject to the same quality control j 

system as are all other rolling-element products produced. The ITI Quality Program, \ 
as defined by the lxi Quality Program Manual, is applicable to all contracts received, j 
whether for products or services . and applies to all subcontracts issued under j 

such contracts. The program conforms to Military Specification MIL-Q-9858A j 

a 
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"Quality Program Requirements" and ita aupplementa such as QRC-tSG aa required 
by apaciflo cuatoroar contracta. Incorporated in tha Quality Program aru MIL 
C-45002A "Calibration Syatam Raquiramanta" tor all gagaa and lnstrumanta. All 
nondestructive tasting conduct ad conforms to M1L-BTD-271D and 

( 11 ) AU components and tha final aaaambly of tha restored beatings are to* 
apaotad to tha aama manner as now baa rin ga produoad. Baorlnga ara m a rke d 
to identify tha toot that they have been reatored by rn. They ara packaged to 
tha original specification and shipped to their destination. Bearing serialisation 
and material traceability aa wall aa inspection reoords are maintained on permanent 
file aa required. Government and customer source inspection Ie performed aa 
requested. 

figure 2 shows a disassembled view of a typical Jet engine matoshaft bearing 
of split-inner-ring construction. Tide is toe moat complex of all aircraft bearings 
aa tor aa internal geometry is concerned. Figure 3 shows the surfaces which ere 
restored by the restoration by grinding process . Both inner and outer raceways 
are reground to a depth of 0.002 inch par surface. 8tooe these race radii ere 
now 0.002 inch larger the bearing must be refitted with new balls 0.004 inch 
larger in diameter . 

The effective race curvature after restoration aa defined in figure 3 will be 
to the original dimensions within significant mathematical values. 
Regrindin? the split-inner -ring mating faces, or shim dimension, restores the 
bflpriftg to ita original values of contact angle, resting angle, end end radial 
clearance. Although the bearing now contains aver sited belle and overaised 
raceway curvatures , the total effective geometry of the bearing has not been 
ohanged and consequently the stress level, calculated bearing life end high speed 
dynamics of the restored bearing will be identical to the original bearing. 

Roller bearings are processed in the identical manner . Figure 4 ehewe a 
disassembled view of a typical aircraft roller bearing and figure 5 shows tha 
corresponding engineering drawing. Rollers having d.004 inch ovsratse diameters 
are manufacturer ed in order that a 0.002 inch depth of grinding can be aeoommo- 
dated on both inner and outer raceway . The roller length will also be over site 
to accommodate the regrinding of the channel faces. 

With redial roller bearings, it 1 b necessary to fit not only oversite diameter 
rollers Into the reground races, but also to assure that an oversiie width roller 
ie used such that the print tolerances tot channel-to-roller-end clearance is 
maintained. 
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Roller bearing manufacturing hat the addco complexity of roller contour . 

Figure 6 snows a typical aircraft bearing roller . Almoat all high performance air- 
craft rollers are partially crowned. Tim new rollers used to restore a bearing are 
manufactured with the same crown radius, crown length and surface finishes as 
rollers used (Or new bearings. Roller manufacturing in the restoration by grinding 
program is done on identical machines by identical ^procedures as any new roller 
for new aircraft roller bearings. 

Records of all restorad bearings shipped are kept by originaLpert number. 

restoration number » serial number and date of shipment in ord er to h a r e Rims 

inspection records available at all times . 


PILOT PROGRAM 

An investigation was conducted of 529 bearings comprising three different 
types removed at overhaul from UH-1 helicopter engines and t r a nsmiss ions . These 
bearings under normal circumstances would not be r ein s t al le d tor uee in the air- 
craft nor refurbished for later reuse. The purpose of the pilot program was to: 

(1) establish the reetoreble yield of these bearings and (2) demonstrate the technical 
end economic feasibility of restoring by grinding 50 sets of the three bearing types . 

The bearings which are described in detail in reference 4 were 150 each 210- 
size (50-mm bore) split-inner-ring ball bearings made from AISI 52100. 121 each 
111-siie (55-mm bore) cylindrical roller bearings made from AISI M-50. and 36 
triplex 7216-eize (80-mm.bore) angular-contact ball bearing seta. 

Of the 150 sp’iit inner-ring ball-bearings inspected. 145 or 96.7 percent were 
considered to be canidates for restoration . The five bearings which were con- 
sidered to be nonrestorable had defects such as corrosion, fatigue spalls-, or 
critical dimensions which were sufficiently out of tolerance which would not allow 
them to be chrome plated and reground. However,, only one bearing ring fell 
into the later category. By considering individual components rather then complete 
bearings. 98.2 peroent of toe components were considered capable of being restored. 
Fifty of the 145 bearing considered reetoreble were bhoeeh at random for the restor- 
ation process. 

The 111-alse cylindrical roller bearings were manufactured by two separate 
vendors. Fifty-four were from one manufacturer end 67 from e second . Of the 
bearings from each manufacturer, 96.3 end 92.5 percent (52 end 62 bearings), 


respectively , were determined to be restoreble . BSsed on restorable components. 

•6.7 percent recovery can be obtained for this bearing group. Of the bearings 
rejected for restoration, seven bearings had defects such as previously described 
tor the 210-sise split -inner-ring bell bearings. The bearings chosen for restor- 
ation were ell from the 62 bearings from one manufacturer. 

The triplex 7216-size angular - contact ball bearing sets were alec from two 
manufacturers. There were a total of 86 seta sent toJTl- Of these.. 71 seta were 
from one manufacturer and 18 seta were from a second. (Ml the seta were not 
complete resulting in 265 instead of 268 bearings. ) Of the 255 bearings. 207 
or 80.2 percent were considered capable of being restored. However, on the 
basis-of individual components restorable . the yield would increase to 81 .6 percent . 
These bearings evidenced corrosion and rusting of the raceways subsequent to 
removal from operation . The appearance of these bearings would suggest that 
caution be taken at the overhaul facility to protect the bearings from corrosion 
after their inspection and rejection . The triplex bearings had similar damage to 
those reported tor the other two types of bearings. Spacing fatigue failure occurred 
in 7 or 8.1 percent of the triplex sets. The 50 triplex sets chosen for restoration 
were from two manufacturers. 

Based upon inspection of the three bearing types, the restorable yield was 
greater than 90 percent. While this number coincides with the original prediction 
for bearing restoration, this yield may vary with different engine and transmission 
applications . It is therefore recommended that careful statistics be kept to more 
accurately determine the bearing restoration yield tor different bearings and appli- 
cations over an. extended time period. These statistics would aid inAVSCOM logistic 
and economic planning. The information would also aid the prospective bearing ven- 
dor in determining a reasonable price quotation for bearing restoration by grinding. 

Unit Cost Savings of Restoration by Grinding 

Restoration by grinding can decrease costs to the military services by salveging 
most of those bearings which current refurbishment programs cannot restore to 
usable bearings. Another major advantage of restoration by grinding is that this 
process restores bearings to original manufacturing accuracy because restoration 
is done by grinding on the same machines and by the same techniques as new 
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bearings. Thi« latter teeter astumas greater importance whan considering that - 
today's jet engines and aircraft trans m iss ion s demand a level- of bearing eemireey 
higher than those designed five years ago. Tomorrow's engines* now on the 
drawing board* reveal the need for even greater complexity hearings with a 
corresponding increase in bearing cost. It will be moredifficulUo refurbish 
bearings by conventional means , and the only viable alternative will be the restor- 
ation by grinding process. 

So mt of the tolerances of bill and roller bearings required to operate in the 
2 to 3 million BN ran ge for theeeenginea now starting production are as fellows: 

Roller Bearings: 

Raceway concavity /convexity R 0.000015 inch 
Raceway surface finish s 4 pin . rms 
Raceway deviation from true plane * 0.000020 inch 
Ball Bearings: 

Raceway finish = 2 pin. rms 
Racewas curvature accuracy * 0.0001 inch 
When these types of accuracies have to be maintained then the restoration by 
grinding process will prove to be not only necessary, but in terms of overall 
cost, the most economical means of re cl ai ming used bearings. 

Table 11 lists eight bearings ranging from conventional designs of today to 
very complex designs for tomorrow's aircraft . It shows the unit price if these 
bearings are-purchased new in some economic lot quantity and the estimated 
cost to restore by grinding in the same lot. quantity . The last column in the_ 
table illustrates that the savings created by bearing restoration increases as 
bearing complexity increases. The relatively simple accessory roller bearing 
shown in figure 7 can be restores at 47 percent of n#w bearing coat; today's 
production engine main shaft bearings (figs. 2 and 4) at 43 percent; advanced 
jet engine bearings now going into production at 38-percent; and for future sn 
gins designs , the figure drops to 27 percent. As bearing prices increase, the 
fr yjyi dollar savings become • of course , even more significant than the percentage 

figure. 

Another important factor not directly considered in the economic analysis is 
the potential savings in raw material. For the UH-i helicopter it is estimated 
that approximately 68 800 pounds of steel can be saved per year through bearing 
restoration (table HI) . In addition approximately MOO pounda of critical alloying 
elements such as molybdenum, manganese, chromium , nickel and vanadium oan 
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An overview of the logistic* of restoration by grinding is etaown on the flow 
chert in figure 9. It outlines the path followed from the point at which bearings 
are te n t to the bearing manufacturer to the point where restored bearings are 
returned. 

REQUEST FOR QUOTATION 

Alt hough table II gives a general range of savings which restoration by grinding 
can achieve , the exact savings must be determined on the basis of each individual 
design . Certain characteristics peculiar tn an individual bearing design 
may result in larger or smaller savings., j 

After the bearing manufacturer has reviewed the print, prices will be quoted j 

based on lot quantity to be restored , starting with, the minimum eco n omic quantity 
that will assure a minimum restoration by grinding price . Lot prices for larger 

quantities may show further savings . j 

The manufacturer must also review , by physical inspection, the average condi-- , 
tion of bearings removed at overhaul, to determine the potential yield rat* of raster- \ 
ation by grinding. It Is also necessary that an engineering evaluation be made j 

to determine ho r critical is the bearing application. This can have at; impact on j 

the restoration by grinding process employed . There is a difference between newly , 

manufacture „ mainshaft and accessory bearings in terms accuracy and inspection 

level required . i 

The lot quantity on which the manufacturer is- asked to quote-should correspond , 

to the rate at which bearings are removed and become available for restoration . 

by grinding. The delivery of bearings restored by grinding will, of course. ] 

depend on this rate of availability. The total restoration by grinding process will J 

take approximately 22 weeks after a production lothae been started. j 

The overall logistics necessitates that long range commitments be made. The , 

longer the commitment and, therefore, the more total bearings are to be restored, 
the lower the quoted price for restoration by grinding because it wtil then be 
possible to amortise start-up and set-up oosts over a greater number of units. 

The quoted price will be fixed for the period of time specified. Parts will j 

be stored iii parts bank at no oharge to customer. Any component or bearings j 

scrapped, for whatever reason, will be done at no oharge to either customer 
or manufacturer. 

Initial start-up time from signing of a purchase order to the first delivery 
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of restored bearings is six norths. Table V summerisee tbs quotation or contract 
negotiation steps of restoration by grinding . 

SUMMARY OF RB8ULT8 

A-study was initiated by the Army Aviation System Commend in conjunction 
with the NASA Lewis Research Center end the Corpus Christ! Army Depot for 
the Industrial Tectonics, Inc Besting Division to undertake A-pHot program to 

thi itnnmrt dwH (hd mstma» In nMj|| hft1Mtig > Alasnmn» hflftrillff 

restoration by grinding can be implemented and operated! to establish the reetorable 
yield of the restoration process and to determine the tsdhnlcal feasibility of reetor- 
stlon by grinding on SO sets of throe bearing types. Tlte investigation was oonductsd 
on 520 boatings comprising three different types removed at over haul. from UH-1 
hsliooptsr anginas and transmissions. The followings results wars obtained. 

(1) On the basis of individual bearingjoomponents, greater than a 00 percent 
yield can be achieved by the restoration prooess. This yield may vary with dif- r 
forsnt angina and transmission applications. 

(2) The estimated oost to restore rolling-element beeringe by grinding ranges 
from 27 to 47 poroent of new bearing oost depending on bearing else end complexity . 
The more complex s bearing is* the greeter the savings achieved by restoration. 

(2) The lot quantity for bearing restoration should oorrespond-to foe rate 
at which bearings are removed from operation end become available. 

(4) Initial start-up time from signing of a purchase order to the first delivery 
of restored battings la six months. 
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TABLfi l. - RBJBCTIOH RATE OP BAWL AND KOUBR BEARINGS OVER 
50 MM BORE REMOVED AT ENGINE AMD TRANSMISSION 
OVERHAUL FROM UH-1 HELICOPTER* 


From turbir. > engine 
From transmission 

Total 


Qty brgs rejected 
over 3/mo period 

1800 
2412 

4212 


Rejection 
rate 

568 
47% 


Failed 

from 

fatigu e 

180 
240 

420 


Restorable 


1620 

2172 

3792 


Source: Letter April 1072; Director of Maintenance; U.S. Army Aeronautical 
Depot Maintenance Center, Corpus Christi, Texas. 
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TABLE n. - BEARING COST COMPARISON: 
NEW VS RBSTORATING BY GRINDING 


Coat 

New 

Accessory roller brg 
(fig. 7) 

$115 

Accessory roller brg 
(fig. 8) 

$165 

Propeller thrust ball 
bearing- turbo-prop 
(fig. 10) 

$210 

Mainahaft ball brg 
today's production 
jet engines (fi*. 2) 

$375 

Malnshaft roller brg 
today's production 
jet engine (fig. 4) 

$450 

Malnshaft roller brg 
advanced jet engine 
(fig. ID 

$850 

Mainahaft ball brg 
advanced jet 
engine (fig.. 12) 

$1075 

Malnshaft balLbrg 
future engine 
design (fig. 13) 

$4500 








TABLE III. - RAW MATERIAL SAVINGS FOR UH-l HELICOPTER 


Material 

Estimated 

Average bearing 

Recycled steel 


bearing 

weight 

(Iba/year) 


restored 

(lbs) 


AISI M-50 steel 

| 

8 

51 200 

AISI 52100 steel 

■fifl 

2 

17 600 


TABLE IV . - CRITICAL ALLOYING ELEMENT SAVINGS FOR UH-1 HELICOPTER 


Material 

recycled 


AISI M-50 


AISI 52100 


Total 

lbs/yr 


Total raw 
material 
from table ni» 
lbs 


51200 


17 600 


68 800 


Alloying Element, lbs (%) 


Molyb- 

denum 


2432 

(4.75) 


2432 


Manga- 

nese 


70 

(0.40) 

70 


Chromium 


2304 

(4.5) 


270 

(1.5) 

2574 


Nickel 


Vana- 

dium 


666 

(1.3) 


70 

(0.40) 

70 


666 
























TABLE V . - REQUEST FOR QUOTATION 


Identification of bearings 

Engine or transmission manufacturer's part number 
Federal atook number 
OEM pert number 

Technical date 

Furnish drawing to which bearing la Inspected 
Description of application 

Special restoration by grinding allowed or desired 

Quantity 

l 

... i 

Estimate of annual quantity of bearings available for 
restoration and length of contractual commitment 
Estimate of monthly shipments to manufacturer 
Expected rate of delivery of bearings restored by 
grinding 

Manufacture's response 

Prioe quotation per bearing sisa 
Delivery time of restored bearing 
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EVALUATION OF BALL AND ROLLER BEARINGS 
RESTORED BY GRINDING 
by H.J. Parker, E. V. Zaretsky, andS. M. Chen* 

NASA Lewis Research Cantor 

AB8TRACT 

•i 

A Joint program was undertaken by the NASA Lewie Research Center and 
die Army Aviation Systems Command to restore by grinding those rolling- 
element bearings which are currently being discarded at aircraft engine and 
transmission overhaul. Hires bearing types were selected from die UH-1 
helicopter engine (T-53) and transmission for the pilot program. Groups of 
each of diese bearings were visually and dimensionally inspected for suitability 
for restoration. A total of 250 bearings were restored by grinding. Of this j 

number, 30 bearings from each type were endurance tested to a TOO of 1600 j 

hours. No bearing failures occurred related to the restoration by grinding j 

process. The two bearing failures which occurred were due to defective ] 

rolling elements and were typical of those which may occur in new bearings. j 

The restorable component yield to die three groups was in excess of 90 percent. 

1 

i 

INTRODUCTION ] 

The last-three decades have seen a significant increase in the severity of 
applications in which rolling-element bearings axe expected to function reliably I 

and with long life.. Rolling- element bearings are now requlred-to operate at 
much higher speeds and, to a4esser extent, higher temperatures than in the 
early 1 940*8 . The increased speed and temperature requirements originated 
principally with the advent of the aircraft gas turbine engine. Its development, 
coupled with die appearance of a variety of high-speed turbine-driven machines, 
has resulted in a wide range of rolling-element bearing requirements for main- 
shaft, accessory and transmission applications. 

Classical rolling-element fatigue which is of subsurface origin has been i 

considered die prime life limiting factor for rolling-element bearings although j 

*U.S. Army Aviations Systems Command, St. Louis, Mo. j 
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actually leas than 10 percent of them fail by fatigue. With proper design, handling, 
installation, lubrication, and system cleanliness, a rolling-element bearing will 
eventually fall by fatigue. Because fatigue results from material weaknesses, re- 
search, to improve material quality has been a continuing activity. The remaining 
00 percent of the- failures are due to causes such as lubricant flow interruption, 
lubricant contamination, lubricant deterioration, excessive dirt ingestion, im- 
proper bearing installation. Incorrect mounting fits, mishandling of bearings prior 
to installation, installing a contaminated bearing, manufacturing.defecte, ring 
growth in service, and corrosion. 

Nonmetallic inclusions are one cause of classical rolling-element fatigue 
(refs. 1 to 5). Basic Inclusion types include sulfides, alumlnetee, silicates, 
and globular oxides. These inclusions may act as stress raisers similar to 
notches in tension and compression specimens or in rotating beam specimens. 
Incipient cracks emanate from these Inclusions (fig. 1), enlarge and propagate 
under repeated stresses forming a network of cracks which form into a fatigue 
spall or pit (fig. 2) . In general, the cracks propagate in a plane approximately 
45° to the normal; that is, they' appear to be in the plane of maximum shearing 
stress. In addition to nonmetallic inclusions, large carbides can act as stress 
raisers and nucleate fitigue cradcs (refs. 6 and 7). 

One method for increasing rolling-element bearing life, reliability and 
load capacity ie to eliminate or reduce nonmetallic inclusions, entrapped gases, 
and trace elements. Melting steel in a vacuum provides large life improve- 
ments (refs. 8 to 10). Double vacuum-melted bearing steel, now commercially 
available, is processed with- the first-heat being vacuum induction melted (VIM). 
The material is subsequently vacuum arc remelted (VAH).. The result is a 
material with marked reductions in nonmetallic Inclusions., gas content, end- 
trace impurities (ref. 11). Teats with 120-mm-bore ball bearings made from 
V1M-VAR AISI M-50 steel produced fatigue lives at least seven, timee that 
achieved by vacuum arc remelted steel (ref. 12). Hence, the probability o t 
subsurface fatigue can be greatly minimised within current TBO intervals and 
bearing steel state-of-the-art. 

Failure by the other modes enumerated above are for die most part {un- 
predictable and tend to be surface as opposed to subsurface originated, lb 
general, these failures due to surface originated defects, occur much earlier 
than those failures due to classical rolling-element fatigue (refs. 13 to 15). As 
a result, in aircraft engine and transmission applications, a large number of 
bearings are discarded at overhaul or during periodic maintenance. This 
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results in millions of dollars in bearings which have to be replaced socially. In 
addition, critical alloying elements Such as molybdenum, manganese, chromium, 
nickel, and vanadium are consumed. 

In order to reduce costs and conserve materials by reusing bee rings, bear- 
ing rework has been performed both in prlvateinduStiy and within the U.S. Gov- 
ernment on. a limited basis. Basically , bearing rework as currently practiced 
comprises the following steps (ref. Id)*. 

1. Replace defective balls or roller sets with new beUe or rollers that 
match the original parts with respect to size, tolerance, finish, sphericity, 
hardness, and material. The bearings are then reassembled and checked for 
radial and axial clearance and, where required, contact angle. 

2 . Defective retainers are replaced. Alternately, silver plating from 
original retainers are removed, and the retainers are nondestructlvely in- 
spected and replated to original specifications. 

3. Ball and roller raceways are polished to remove superficial corrosion 
or other shallow surfoce defects. The reworked bearing surfaces are then 
checked for profile, concentricity, surfoce finish, and metallurgical integrity. 

4 . The inner- and outer-diameter surfaces of the bearing rings are ground 
and replated to original drawing specification. 

5. Duplex and multiple stack bearing sets are rematched in accordance 
with original specifications using individual bearings from rejected or foiled sets . 

The aforesaid method retains subsurface damage in the used bearing race- 
ways which may propagate to fatigue failures and thus limit the reworked bearings' 
life and reliability. Reworking of any kind which involves significant removal oL 
material (and thus this damage) from bearing raceways has been avoided in pre- 
vious refurbishing or reworking techniques . 

The program reportedherein was undertoken to investigate the endurance 
characteristics of aircraft turbine engine and transmission bearings whose race- 
ways were restored by grinding. The primary objectives were to (1) determine 
the yield of bearings suitabi for restoring by grinding; (2) determine foe endur- 
ance characteristics of restored bearings under simulated operating conditions; 

(3) determine po it-test condition of the restored bearings; and (4) establish a 
specification for bearing restoration by raceway grinding. 

BEARING SELECTION FOR RESTORATION 

Three bearing types were selected from the UH-1 helicopter engine and 
transmission for the program of restoration by grinding. The criteria for 
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selection were (a) bore of 50-mm or larger and (b) acquisition coat to the Gov- 
ernment of $50. 00 or greater. Based on information furnished by the Corpus 
Cliriai Army Depot, the bearings selected had among the highest replacement 
rates dur in g normal maintenance and overhaul. The bearings * nd their Federal 
Stock and component engine part numbers are listed In table X. 

The-210»size (50-mm bore) split inner- ring ballbearing is shown In fig- 
ure 3. These bearings are made fromAISl 52100 steel by a single manufac- 
turer. The bearing cage or separator which is made from silver-plated bronze 
is of a one-piece design and is inner-land riding. These are malnahaft bear- 
ing from the front compressor position of the T-53 gas turbine engine. Engine 
operating conditions for the bearing include a speed of 24 000. rpm and a thrust 
load of 450 pounds. Bearing oil-in temperature in the engine la approximately 
200° F a nd oil-out temperature Is between 250° to 800° F . A total of 150 of 
these bearings were sent by the overhaul depot to be inspected for restoration. 

The 111-siae (55-mm bore) cylindrical roller bearings shown in figure 4 
axe manufactured by two separate manufacturers. The design of each manu? 
facturer is sufficiently different whereby interchangability of the bearing com- 
ponents is not possible. The bearings are manufactured from AISI M-50 steel. 
The bearing cage or separator U a one-piece, silver-plated steel. Inner-land 
riding design. These bearings are from die T-53 gas turbine engine rear com- 
pressor position. Operating loads are nominal for this bearing. They are con- 
sidered to be under a light radial load. The maximum bearing speed Is 24 000 
rpm. Bearing oil- in temperature in the engine is approximately 200 F and 
oil-out temperature is approximately 350° F. A total of 121 of these bearings 
were sent by the overhaul depot to be inspected for restoration. 

The third bearing type was the triplex ball bearing set shown in figure 5. 
Ei gh ty-six sets of these bearings were sent to be inspected for restoration. 
These are 7216-size (80-mm bore) angular-contact ball bearings which are 
mounted on the Input bevel gear pinion shaft of the UH-1 helicopter transmis- 
sion. The bearings are manufactured from AISI M-50. They have a one- 
piece, silver-plated steel, inner- race riding cage. . Operating conditions in the. 
helicopter for the triplex set Include a radial load of 3175 pounds and a thrust 
load of 4274 pounds at a speed of 6600 rpm. AU the bearings in the set are 
match ground with a 100-pound preload. There are two manufacturers of 
this beating. However, each manufacturer's design id similar which allows for 
complete interchangeability. 


INSPECTION OF REMOVED BEARINGS 


A total of 529 bearings of. the three types were subjected to inspection 
to determine suitability and yield for restoring by grinding. These included . 
150 split inner^ring ball bearings (210-size), 121 cylindrical roller bearings 
(111-size), and 86 triplex sets of tire angular* contact ball bearings. (?2l6-slze) . 
The inspection procedure consisted of visual and dimensional inspections in- 
cluding ring diameters, flatness, rouncbess, hardness, magnaflux for flaws, 
raceway surface conditions (spalling, wear, etc.), mid general suitability of 
all components for restoring by grinding. The restorable bearing yield per* 
cents are given in table n for die three bearing types. 

Of the 150 split-inner-ring badl bearings inspected* 145 were judged 
restorable for a yield of 96.7 percent. On the basis of restorable compo- 
nents, the yield was 98.2 percent. The general appearance of this group of 
bearings was excellent. Raceway tracks were light and balls and separators 
were in good condition except for some oil varnish deposits on separator 
lands and ball pockets. The five bearings that were judged non- restorable 
had defects including fatigued raceways, corrosion, or bore and/or outside 
diameters (O. D.) greater than 0.001 inch out of tolerance. The incidence of 
bore and O. D. variance from print tolerance was high at 47.3 percent. Some 
of this-.variance is explainable by gaging discrepancies in cases were 0.0001 
inch off-print dimension was noted* However, 28 of these bearings had rings 
out of tolerance from 0.0002 to 0.001 inch but were judged restorable since 
these bore and O. D. surfaces could be plated and reground to print dimen- 
sions. Only one bearing was non- restorable solely because of out-of- 
tolerance rings. Fifty of the 145 restorable bearings wero randomly chosen 
to be restored by grinding. 

These bearings are made of AISI 52100 steel, which may be expected to 
experience dimensional changes in tuiifne-engtoe malnshaft positions where 
soak back temperatures near 400° F may uc expected. Generally, toe use of 
AISI M-50 steel for malnshaft bearings is reconmended. 

The 121 cylindrical roller bearings consisted of 54 from manufacturer A 
and 67 from manufacturer B. The number of bearings judged restorable were 
52 and 62, respectively, for yields of 96. 3 and 92. 5 percent, respectively, 
and an overall yield of 94.2 percent. On the basis of restorable components, 
the yield was 96. 7 percent. The general appearance of these bearings was 
excellent. Raceway tracks were light, and the rollers and separators were in 
good condition except for some oil vaznlsh deposits on toe separator lands and 
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these dleciepanotee were greater than 0.0001 !»*• 

The bearings chosen ter restoring by grinding were SO rendsmly 

bearings from the 62 restorable bearings *11 from oonslated 

The total of SO triple* sets of the angular contact ball bearings »“ 
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greater tom. 80 percmt tor each bearing type bmpected. For toe spltt-lnne 
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ball bearing* the xeatorable component yield was 96.2 percent; (or the cylin- 
drical roller bearing, 96.7 percent; and tor the triplex angular-contact ball 
bearings, 91. 6 percent. 

PROCESS OF RESTORING BY GRINDING 

Figure 6 shows the relative magnitude of shearing stress as a function of 
depth below the surface. In the cone of maximum resolved shearing stress, 
which generally occurs from 0. 002 to 0. 006 inch below die surface tor most 
rolling-element bearing applications, there exists toe maximum orthogonal 
shearing stress, toe maximum octahedral shearing stress, and toe maximum 
shearing stress on a 45° plane. Due to toe cyclic nature of the shearing 
stresses, a fatigue crack will eventually occur within this sons and propagate 
into a crack network. This network will eventually lead to spalling and fail- 
ure of the raceway bearing surface whereby toe bearing is no longer suitable j 

for the purposes for which it was intended. i 

hi addition to this failure phenomena, damage to toe surface can occur 
which is caused primarily by dirt and foreign object or wear debvia within 
the lubrication system and in some instances by corrosion of toe raceway 
surfaces. This surface damage, in toe form of indentations or scratches, j 

acts as stress raisers on the bearing raceway surfaces, and also initiates j 

fatigue cradcs which propagate Into crack networks and eventually leads to 
spalling. j 

Where a rolling dement such as a ball or a roller falls by spalling, 
debris damage generally occurs to the raceways. In addition, where an j 

inner or outer raceway toils there is generally debris damage to the rolling j 

elements and toe non-toll ed race. These failure phenomena make toe bearing , 

unusable both for continuous application and for subsequent reuse. However, ] 

most of toe debris damage occurs at depths less than 0.062 Inch below too 
surface of the rolling-element raceways. i 

Another problem in the operation of rolling-element bearings is growth 
of the bearing race rings. As an example, the inner or outer races, can grow 
due to metallurgical transformations or duo to hoop stresses during operation. 

This growth results in the bearing being not reusable after removal from its j 

application. j 

For aircraft applications, bearings removed at overhaul are usually j 

cleaned and visually inspected for defects and dimensional conformance to print. 
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Bearing* ft re usually not taken apart, except those which by deeign are 
separable. Therefore, impending or minute fhtlgue spelling cannot be detected 
except by hand, feel, or noiae testing. Both of the latter techniques are eery 
selective and can only be used with any degree cl success by a bearing manu- 
facturer and only after establishing performance yardsticks on large produc- 
tion runs of new bearings. 

In general, the rejection rate of bearings removed from turbine engines 
and transmission at overhaul is approximately 60 percent. Based upon exper- 
ience leas than 10 percent of the bearings removed have fatted due to fatigue. 
Therefore, 90 percent of those rejected bearings can be restored by grinding 
the raceways and thus reused since the raceway damage causing rejection is 
usually much more superficial than fatigue failure damage. 

In order to restore bearings economically, it is necessary to start a pro- 
duction run of components when a minimum economic lot size of components 
has been accumulated. A lot is then processed utilizing process-travelers 
and manufacturing drawings in same manner as a manufacture of new beam- 
ings Some quantity of bearings received for restoring have non-restorable 
components. These are scrapped. The restorable component are stored in 
a "parts bank" from which Interchangeable components will be drawn to make 
an economic lot size for restoring. 

Bearings rejected for reuse in application are disassembled into its com- 
ponent parts. These components are visually inspected, and the hardness of 
the bearing races are measured. The bearing components are either put 
aside for restoring or scrapped* 

Those components determined to be restorable are dimensionally inspec- 
ted. Where necessary, the bearing faces, bores, and outer diameters are 
ground and either nickel or chrome plated to a thickness that will allow the 
surfaces to be reground to foe original print dimensions. 

Both inner and outer raceways are ground to a depth not exceeding foe 
maximum depth of foe maximum resolved shearing stress under their maximum 
loaded condition but not lees than 0. 062 inch. The surfaces finish is maintained 
to its original print spech cation. The bearing is then refitted with new rolling 
elements of a diameter equal to foe diameter of foe elements previously con- 
tained in foe bearing plus twice foe depth of regrinding. 

For ball bearings foe effective race curvature is Identical to foe original 
dimensions within significant mathematical values. The original values of con- 
tact angles, resting angle, and radial clearance remain unchanged. Although 
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the restored bearing contains oversize balls and oversize raceways, the total 
effective geometry of the bearing has not been changed, and consequently, the 
contact stress level and calculated bearing life of the restored bearing will be 
essentially Identical to that of the original bearing. The bearing separator Is 
stripped of its silver plating, where applicable, Inspected for cracks and re- 
plated. The new, oversized rolling elements are placed within the separator, 
and the bearing is reassembled. 

For cylindrical roller bearings the procedure as outlined above is the same 
with the exception that the roller length as well as the roller diameter are in- 
creased by a value twice of the depth of regrinding. 

Referring to figure 6, the location of the zone of maximum resolved 
shearing stress in the inner and outer raceways after regrinding is displaced 
by a distance X, and the stress is redistributed accord.' <gly. The dimension X 
should be not less than 0. 002 Inch nor more than the original maximum depth 
of the zone of maximum resolved shearing stress at the maximum load condi- 
tion for the bearing. The bearing kinematics, internal clearances, and contact 
loads during operation remain unchanged. A new volume of material is being 
stressed which should result in a life or probability of survival equivalent to 
the bearing's original life or survival probability. 

ENDURANCE TESTING 

Endurance tests were performed in order to evaluate the process of re- 
storing by grinding on each of the three bearing types and determine that the 
restored bearing will provide lives at least as long as the desired time between 
overhaul of 1600 hours. Speed, load, and lubrication conditions were chosen 
to be representative of each bearing application. The test conditions are shown 
in table III. 


Test Apparatus and Procedure 

Each ol the bearing types were tested in test heads specifically chosen for 
the particular speed and load conditions. The test facilities were capable of 
continuous running with test interruption only due to bearing failure or Inad- 
vertent test facility malfunctions. The lubrication uy stems for foe three 
facilities had many common features. Each system used M1L-L-23699 Type H 
' ’ter, from single lubricant batches. The test hearings were lubricated by Jets. 
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The lubricant was recirculated through appropriate heat exchangers tondaWa 
die desired flow rates and lubricant- in temperatures. 

In order to simulate lubricant replenishment due to leakage and evaporation- 
in and gearbox lubrication systems and periodic lubrication changes, the 

test facility lubrication systems were periodically drained and refilled with mm 
lubricant. Also, die lubricant was changed each time at new bearing or hearings 
were put on test.. 

S plit- inner- ring belt bgiring test head . - A sectional view of a test head 
used for the 210-slze split-inner- ring ball bearings is Chown In figure 7. Four 
of these test heads were used, each one driven through a quill ooupling_from a 
support spindle driven by flat belts and 25 horsepower electric motors, (hie ot 
each pair of test bearings was mounted tea floating housing and was thrust 
loaded against the other with a calibrated hydraulic Cylinder. 

Lubrication Is provided by Jets located between die test bearings. Two 
test lubrication systems, separate from tee support bearing lubrication sys- 
tems, were used, each supplying lubricant to two test heads (four test bearings). 
Each test lubrication system contained a heated 4- gallon sump, a 1 . 7-gallon 
per fniP M te at 100 psi supply pump, a nominal 10-micron absolute filter, and a 
turbine type flowmeter. Scavenge from tee test housings was by gravity drain 
lines. Bearing outer-race temperature and lubricant inlet and outlet tempera- 
tures were measured by thermocouples and continuously recorded on a strip chart 
recorder. Oil flow rates, spindle speeds, load system pressure, and lubrication 
system pressures were periodically recorded. Continuous , unattended 24 hours 
per. day, 7 days per week operation was accomplished. 

Cjjjndrioal roller bearing test head . - A section view ota test head used to 
test tee Ill-size cylindrical roller bearings is shown In figure 8. Three of 
these test heads were used, each containing four test bearings and two support 
ball bearings . The test spindles were driven by 7 . 5 or 10 horsepower electric 
motors and a geared speed increase*. Power was transmitted from motor to 
gear box by pulleys and V-belts. Plat belts transmitted power from tee gear 
box to the test spindle. Each pair of test bearings was radially loaded by a 
spring scale and lever arm arrangement. 

Lubricant was supplied to tee test bearings through Jets located between 
each pair of test bearings. Each teat head has a separate test lubrication sys- 
tem with a heated 4-gallon capacity sump, a supply pump, a water-oooled heat 
exchang er, a nominal 10-miCron Alter, a volumetric flow meter, and a soav- 
ange pump. A separate lubrication system was used'for tee eigport bearings. 
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T<j«t bearing outer- ring temperatures, oil inlet and outlet temperaturea were 
measured with thermocouples and were continuously raoordedon strip charts. 

Machine vibration was continuously monitored and in conjunction with several 
automatic pressure and temperature monitoring and safety devices, the teat rigs 
were capable of 24 hours per day* 7 days per week, unattended operation. 

Angular confect ball teat head. - A seotlofr view of a teat head used 

to test the 7216^slze angulacrcontact ball bearings is shown in .figure 9. . Four 
of these test heads were used, one on each end of two spindles driven through 
V-belts wife 20 horsepower electric motors. A pair of test bearings were ; j 

mounted in each test head !n a back-to-back arrangement. The bearings were 
thrust loaded against each other by four bolts wife a fifth straiingaged bolt used 
to set and monitor fee thrust load magnitude. The desired radial load was 
applied to each pair of bearings wife a dead weight load through a 10 to 1 lever | 

arm. j 

Lubrication is provided by Jets located between each pair of tost bearings. \ 

A single lubrication system supplied lubricant to all eight bearings tested simul- ] 

taneously. This lubrication system was separate from fee system supplying 
lubricant to the load bearings. The system for fee test bearings contained a 
heated 12 -gallon sump, a 25-gallon per minute supply pump, a constant pres- j 

sure bypass system, a water-cooled beat exchanger, a nominal 10-micron full I 

flow filter, and a 30-gallon per minute scavange pump. Lubricant temperatures j 

were monitored by thermocouples, and flow rate was monitored by calibrated 
visual gages. j 

Continuous, unattended 24-hour per day, 7 days perweek operation was j 

accomplished utilizing a computer control system. Teat bearing outer-ring j 

temperature, thrust load, and machine Vibration were continuously monitored. \ 

Lubricant inlet and outlet temperatures, oil flow rate, and Spindle speed were \ 

periodically monitored. 

I 

i 

Test Results i 

< 

l 

Thirty of each of fee three bearing types were chosen at random from the 
groups of bearings restored by grinding. These bearings Were then tested for 
endurance in feeir respective facilities for a duration of 1600 hours at condi- 
tions representative of the specific application. The Objective of fee teats was j 

to demonstrate the capability of fee bearings restored by grinding to operate j 

satisfactorily for fee desired time between overhaul of 1600 hours. Ibis is in j 

] 

I 

i 

J 

! 
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contrast to bearing fatigue testing which is designed to run at conditions chosen 

to accelerate spalling fatigue failures. 

In each of the three sets of tests, none of the restored bearings experienced 
failures which could.be related to the restoring process. Twenty-eight of the 
thirty 72.ie-sUe an gular -contact ball bearings, 29-of the Ill-size cylindrical 
roller bearings, and aU 30 of the 210-siie split-inner ring bell bearing reached 

the desired 1600 hour time without failure. 

Results with 2 10 - size split- inn »T»- race ball bearing. - The bearings in tills 
group were from a helicopter turbine engine, front compressor bearing posi- 
tion. Eight bearings were tested simultaneously wife two bearings in each of 
four test heads. In order to complete the 1600-hour duration for 30 bearings, 
fee final test setup utilized only three of fee four test heads. Hie lubricant 
volume in the sump was adjusted accordingly* 

Subsequent to the successful completion of the 1600 hour tests, fee bear- 
ings were disassembled and visually inspected. The raceways had visible run- 
ning tracks typical of bearings running under thrust load. All race surfaces 
and ball surfaces were generally disoolored from heat and lubricant staining. 

The raceway running tracks were discolored to a lesser extent. The condition 
of all contacting surfaces including raceways, balls, and cage surfaces was 
excellent, with no indications of any detrimental effects of fee restoring process 
ot damage from the endurance testing. 

The extent of discoloration on the bearing components suggests that these 
bearings were exposed to relatively high temperatures to these teste, ihe 
measured outer race temperatures were in fee range of 363° to 276 F and 
averaged about 260° F. Oil-out temperature tanged from 236 to 266 F 
The hardness of the Inner and outer race* of several bearings were measured 
after disassembly. These bearings included fee bearing wife fee highest outei- 
race temperature (276° F) (also most disoolored bearing and fee bearing with the 
lowest outer- race temperature (252° F) . AU hardnesses were in fee range from 
58 R to 60 R , which is on low end Of fee acceptable range for rolling-element 
bearings . These temperatures are approaching fee limits for the AlSI 52100 
material. (It is recommended and ts common practice to use AIM M-60 for all 
turbine engine main shaft bearings . ) 

Results with Ill-size cylindrical roUer bearings . - The hearings in this 
group were from a helicopter turbine engine, in fee rear compressor bearing 
position. Twelve bearings were tested simultaneously with four bearings in 
each of three test heads. To complete the 1600 hour tost time for all 30 test bear 
togs, dummy bearings Were used to make up the extra positions in the test head. 
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The measured outer* race temperatures lor these bearings were in the range 
Isom 220° to. 245° F. The oil-out temperature ranged Isom 206° to 220° F. 

Twenty-nine test bearings completed the desired 1600 hour duration, (he 
bearing suffered a failure alter only 16. 9. hours. Subsequent detailed exami- 
natton-of this bearing Indicated that the failure Initiated as a roller fatigue 
spall. Failure-detection-equipment did notdetect the failure amUhufc.dowa-the 
t©st-rig. It was apparent that the roller spall pr o p ag a t e d until more th e n h a ll 
titie roller aurfaceWas severely spalled, e vent u all y caus i ng cage brcafcqp and 
subsequent severe damage to die other rollers and the raceways. Because of 
die severely overrun-condition of die spalled ant on file a u^ected- roller, 
definite evidence ol a material delect was not found. However, scanning elec- 
tron mi croscope examlnadon ol toe spelled area and metallographic sections 
through the spalled-axea indicated that subsurface initiated rolling-element 
fatigue was the primary failure. Since toe micros tructure and hardness of- the 
roller, in general, were typical of properly, heat treated AM M-50, it is sus- 
pected tost a stress concentration such aa an inclusion or void was in ihe critical 
area. Additionally, there was no evidence of roller skew or unusual end wear on 
any rollers from this bearing. 

It is concluded that this premature failure was not related to the. restoring 
by grinding process. The process includes installing new rollers in toe re- 
stored bearing, and such new tollers are of a quality which would be installed 
in new bearings. Thus, such a failure could have occurred in a new bearing as 
well as in this restored bearing. 

The bearings that completed the 1600 hour tests were disassembled and 
visually inspected. Initial with toe unaided eye nevealed toe race- 

ways in good condition, with roller tracks somewhat more apparent on toe outer 
raceways than on the inner raceways. Cages were In excellent condition with 
the normal light wearer burnishing of the silver pl a t i ng in toe-pockets and toe 
inner race riding lands. The rollers nearly all s howed some circumferential 
lines typically observed on tested roller bearings. He roller ends Sad the 
inner race flange contacts were in exc e llent condition revealing no s i g n i fi ca nt 
abnormal roller motion. However, to a few of the bearings, the cage pocket 
wear indicated a very slight amount of roller skewing. However, toe extent of 
skewing does not appear to present a problem. 

More detailed at low magnification (6x) of toe surfaces of roll- 

ers from several of toe bearings revealed shallow surface distress or pitting 
within the fist length of toe roller and generally toward the blend of toe flat length 
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and the crown. The depth of the pitting, *a measured from surface profile traces 
a nd metallographic sections, was typically less than 0. 0005 inch. Although die 
Inner and outer raceways showed some isolated evidence of very minor surface 
distress, the-damage was-mainly limited to die roller-surfaces. 

Surface finishes of die rollers and-raccrways were measured on 10 bearings 
randomly chosen from-the total lot of 30, The outer raceways measured, either 
4 or 5 pin. RMS in all cases. The roller cylindrical surfaces measured from 
4 to 6 pin. RMS. The inner raceway surfaces ranged from 3. 5 pin. to. 17 pin. 
fines The eng ine manufacturer's dmwingjfor this' beating specif lea 10 pin. or 
better for these surfaces although bearing m a nufac turers typically finish to 
better surfaces as indicated by the outer raceway and roller surfaces measured 

here. 

In all cases where the surface finish of the inner raceway equalled or ex- 
ceeded the upecified 10 pin. , surface distress was observed on the rollers. 

On two bearings, where inner raceway finishes were 3 sad 7 pin. RMS, some 
roller surface distress was observed. On the other bearings, where inner 
raceways varied from 3. 5 to 8 pin. RMS, no roller surface distress was ob- 
served. 

The elastohydro dynamic (EHD) film thickness in the roller raceway contacts 
was calculated using a high-speed roller bearing computer program for die con- 
ditions of these tests . The film thickness at both die inner and outer raceway 
contacts is estimated to be 27-pin. An accepted criterion tor the effectiveness 
of the BHD film thickness in given conditions with, given bearing surfaces is die _ 
ratio of EHD film thickness to the oompoeite surface roughness. This ratio is 
often referred to as film thickness parameter or A. The composite surface 
roughness is the square root of die sum of the squares of the surface finishes 
of the two surfaces in contact. 

For those bearings where die inner-race surface finish was 10 pin. RMS 
or greater, A was 2.4 or less. In the worst cases, A was as low ss 1. 8. 
Where A is less then 3, it should be expected that some asperity contacts will 
exist (refs. 17 and 18) . The detrimental effects of this surface-to-surface con- 
tacts is expected to be further aggravated by skidding. At the very low radial 
to ad of these tests, it is expected that some skidding exists, wherein die rollers 
are orbiting at a speed less than epicyclic speed. Under these conditions of 
skidding and low A , it may be expected that some surface damage would occur. 
Thus, the surface distress observed on die rollers was apparently related to the 
tost conditions, end not attributed to the restoring by grinding process. 
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The load and temperature conditions for these teats are eettmates of 
that the bearing experiences in the engine. The engine conditions, of course, 
are neither oonstant nor easily determined. Whether the eitfhe conditions are 
such that surface distress would occur, such-as that observed on these test bear- 
ings, Is not known, but In view of these test results, that possibility exists. 

With the exception of some Inner raceway surface finishes not spec- 

ifications, the-emdurance teats revealed no problems related to the restoring by 
grinding process. Raceway surface finish, deviations are occasiomdly in 

new bearings, salt Is not* problem-unique to restored bearings. 

Results with 2716-sit e angular- contact ball bearing . - The bearings lathis 
group were from triplex sets of a helicopter transmission input p«Hnn bearing. 
The tandem pair and preload bearing arrangement Is shown In figure 5. Thirty 
bearings were chosen at random from the tandem pairs of 30 triplex-sets. 

Eight bearings were tested simultaneously with four bearings required tor each 
test setup. In order to complete the 1600 hour duration for 30 bearings, addi- 
tional bearings were chosen at random from the remaining bearings. 

The measured outer- race temperatures for these bearings were in the range 
from 186° to 195° F . Oil-out temperature ranged from 170° to 180° F. 

After 1122 hours with one set of bearings, tbs inner rings of two adjacent 
bearings began to turn on their shaft. They were removed and could not be 
tested further. Their raceways, balls, and cage surfaces were in excellent 
condition. The bore diameters were within tolerances, but near maximum 
This fact, coupled with a shaft size near minimum apparently allowed an unde- 
sirable fit situation with this particular bearing pair. Since the bores were 
within tolerances, this failure could not be directly attributed to the restoring 
proeess. 

While running the last two bearings in die 30 bearing samples, an aHHoomai 
bearing, one of two which were used only as slave bearings at the opposite end 
of the test- spindle, suffered a severe ball failure. Although this hearing was not 
one of the original random-sample of 30 bearings, it was a bearing from the 
30 restored triplex sets. Observation of the fatted bearing indicated that the ball 
failure was due to a metallurgical defect in the ball and had no relation to the re- 
storing process of die races. 

Subsequent to the 1600 hour tests, the hearings was disassembled and vis- 
ually inspected. The inner raoeway had visible running tracks typical of bearings 
run under such conditions for extended times. The outer raceways bad visible 
tracks typical of ball bearings under combined radial and thrust load conditions. 
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The general condition of all raceway*, ball surface*, and cage surfaces waa ex- 
cellent. with no indications of any detrimratal effect* of the wetcrlng prooe**. 


General Comment* 

Hie rc.ulU of the pvognm ladlcut* that hearth, watoratlon to taehalcally 
feasible. Thee«Bartaacogatoadf»ioteatlBgth#tt>~*«^a^^^“*- 
cate that the pertormahoa of tho rsatorsd bearthge are oompuruble to brahd 
hearings. It wa. ortgli-lly speculated that Infant mortality of th* metered buur- 
log. would be « ft _atsd or at least minimised, booauao those bearing ■«<"“>■ 
which would have beenJnhereeSly defectlva have beta eliminated Airing^ op- 

emtton. However, the one baU fatlore and one roller failure experienced* this 
program Indicate that Infant mortality can .UU be a problem because of po«o- 
tully defective hew rolling elements. This problem would be no greater than 
that currently being experienced. In other words, while restored bearings can 
be exported to be comparable to newly manufactured bearings, Itwouldbe un- 
realistic to assume that their group life potential would be greater. 

A necessary element in the bearing restoration prooasa la to assure proper 
quality control of the restored bearings. Furthsr. It Is necessary to assure 
f-ctarte, consistency oomparahle to newly manufactured bearings. An addi- 
tional element on the bearing restoration process Is the assurance drat a pa - 
ttal vendor's restoration process will not adversely affect the life or quality ota 

bearing. As a r*utt of the aforementloosd A V8COM and KA8A Jointly developed 

aproposed "Specification for Restoring Bearings by GrimMi*' which Is Included 
as an appendix to this report- 

The specification incorporates both the technicai-and-quallty assurance a - 
pacts which have been defined both in the bearing restoration program sad recent 
advances in rolling-element bearing state-of-the-art. The raw material and 
melting specifications for rolling elements calls ter VIM- VAR AISl *“ 60 * wl 
VIM- VAR ABI 62100 aftsurlng a longer rolllng-elemant life potential en 
currently being obtained. Minimum grinding depths are established but toe 
exact amounts are left to the discretion of the vendor. Ha^«“ 
finish specifications are also tightened from previous AVSCOM practioc. »e- 
search performed by the NASA Indicate* both factor* to be 
Moment bearing life and reliability. Rrault. of the 
cate that surface distress due to marginal etaatobydnxfrnamic film 
with the existing bearing surface finishes ia an inherent defect in current bearing 
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design- specification m practiced by A VS COM bearing suppliers. 

The use of ASM M-6Q steel is specified in airormftbeerlngs Instead AIS1 
52100 because of the improved ability of the AISI M-5Q steel to retain its hard- 
ness at elevated temperatures. Unfortunately, when- current bearing specifica- 
tions are such as to set a minimum hardness of Rockwell C-5# at room ambient 
temperature, the-hardness of the material at bearing operating temperatures 
of 250° F below acceptable values. Ibis minimum hardness de f ea t s die 
use of die AISLM-50 steel and can result in-premature bearing damage and 
failure. As a result, die harthiess criteria for the proposed specification is 
tightened fromthatjof current AV8COM practice. 

Material end part traceability is another important factor. The ability to 
trace defective critical bearings in s system can be extremely important when 
failures are experienced in the field. Traceability is not now being practiced 
by the U.S. Army. A defective group of bearings or Improperly processed or 
heat treated steel can occur both in new, refurbished, or restored bearings. 
Where die failure mode can cause a loss of an aircraft, it becomes extremely 
important to be able to remove all such defective bearings from the military 
aviation system. Presently, tibia cannot be accomplished. 

Original equipment bearing vendors have a proven capability manufactur- 
ing acceptable bearings for a given application. Not all potential vendors for 
the restoration of aircraft quality bearings have this proven reoord of bearing 
manufacturing performance for aircraft quality bearings. This does not mean 
that these vendors should be excluded from the aircraft bearing restoration. 

As a result, the specification (appendix) requires that a-prospective vendor 
endurance test a 30 bearing lot of aircraft ball bearings restored to-accordance 
with diis specification to qualify to restore ball bearings only. In addition, to- 
order to qualify for roller bearing restoration, the sp eci f ic ation calls for the 
vendor to endurance test a 30 bearing lot aircraft roller bearings. Once the 
vendor performs these tests, further testing will not be required. The original 
equipment bearing vendor is exempt from this testing only for those bearings 
which he baa originally manufactured and subsequently restored. Should this ven- 
dor decide to restore bearings of another manufacturer, the vendor would be re- 
quired to endurance test bearings to ensure the neoessary life potential. 

Quality control will be the responsibility of the military overhaul facility and 
the vendor. Current qualify control procedures if properly enforced should 
result in quality equivalent to new bearings being purchased. 
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Evaluation of reatored tape red-roller bearings has not been examined in 
this program. However, there la no reason to believe that bearing restoration 
by grlndlsg, aa described in this paper, oould not be applied to tapered- roller 
bearings which are manufactured from caso-ca iburized steels. 


SUMMARY OF RESULTS 

i 

A Joint program was undertaken by the NASA Lewis Research Center and 
the Army Aviation Systems Command to restore by grinding those rolling-element 
bearings which are currently being discarded at aircraft engine and transmission 
overhaul. Three bearing types were selected from the UH-1 helicopter engine 
(T-53) and transmission for the pilot program. These bearings were s 210-size 
split-inner- ring ball bearing and a 111-size cylindrical roller bearing used on 
the T-53 engine compressor shaft, and a 7210-size angular- contact ball bear- 
ing triplex set from the transmission input pinion shaft. Groups of each of these 
bearings were visually and dimensionally Inspected for suitability for restoration. 
Restorable bearing yields were determined for each bearing type on the bests of 
bearings (or sets) and on the basis of components (rings and separators) . 

Fifty of each of the split-inner ring ball bearing and the cylindrical roller 
bearing and 50 triplex seta of foe angular-contact ball bearing were restored. 

The restoration included regrinding raceways, plating and regrinding bores, 
outside diameters, and faces, stripping and replating separators, and install- 
ing new oversize bells or rollers while m a int a in i ng clearances and external 
geometries and tolerances in accordance to original drawing specifications. 

Endurance testa were performed on 30 of each of the three types of. restored 
bearings to verify that they w 111 satisfactorily operate at speed, load, and lubr 
cation conditions typical of foe respective application for a period of 1600 hours. 
The bearings were subsequently disassembled end examined to determine the suc- 
cess of the restoration and endurance test program. The following results were 
obtained: 

(1) No bearing failures occurred in die 1000 hour endurance tests With all 
three types of bearings which could be related to the restoration by grinding 
process. 

(2) The bearing failures tost occurred, both due to defective rolling ele- 
ments, were typical of "infant!' failures which may occur in new bearings. 

(3) The restorable component yield (rings and separators) was 98.2 percent 
for foe split-inner- ring ball bearing, 98.7 percent tor foe cylindrical roller 
bearing, and 91. 6 percent for foe triplex angler contact ball bearing. 
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APPENDIX 


SPECIFICATION FOR RESTORING 
BEARINGS BY GRINDING 


1. SCOPE 

1.1 Boope . This specification presents requirements for the restoration 
by grinding of rolling-element bearings. 

1.2 Definitions . For purposes of tills specification, the following defini- 
tions shall apply: 

Rolling- element bearing - A rolling-element bearing Is a bearing having an 
inner race, an outer race, and a plurality of either balls, cyllndricvl rollers, 
crowned rollers, or spherical rollers. 

Rolling-element - A rolling element is either a ball, a cylindrical roller, 
or a spherical roller. 

Cage or separator - A cage or separator separates positions and/or re- 
tains the rolling elements between the inner and outer raceway. 

Restoration - The process of grinding raceways and replacing rolling ele- 
ments in accordance with this specification. 

Vendor - Contractor or bidder for restoring by grinding. 

Purchaser - U.S. Government or Its agencies unless otherwise specified. 

2. APPLICABLE DOCUMENTS 

2. 1 The following documents shall form a part of this specification where 
applicable to the extent specified herein. Unless a specific issue is specified, 
tiie latest revision shall apply. 

«* 

ORIGINAL MANUFACTURER'S DRAWINGS AND SPECIFICATIONS 

AEROSPACE MATERIALS SPECIFICATION 

AMS 6490 Steel Bars, Forgings and Tubing 

4.0 CR-4.25 Mo-l.OV (0.77-0.85C) 

Premium Bearing Quality, 

Consumable Electrode Vacuum Melted 

AMS 6444D Bars, Forging, and Mech. Tubing 

1.46 Cr (0.96-1. 10C) Premium 
Bearing Quality, Consumable 
Electrode Vacuum Melted 
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AMS 24103 Plating-Silver, Nickel Strike, 

High Bake 

AMS 2412 E Plating-Silver, Copper Strike, 

Low Bake 

AMS2406E Plating-Chromium, Hard Deposit 

AMS2404A Plating-Nickel, Electroless 

AMERICAN SOCIETY OF MECHANICAL ENGINEERS 

ASME Life Adjustment Factors for Ball and Roller Bearings - An Engineering 
Design Guide, 1971. 

AMERICAN NATIONAL STANDARDS INSTITUTE 

ANSI B46. 1 Surface Texture 

AMERICAN SOCIETY FOR TESTING MATERIALS 

ASTM E18 Rockwell Hardness and Rockwell 

Superficial Hardness of 
Metallic Material > 

ASTM EH2 Average Grain Size of Metals 

MILITARY 

MIL-B-197 Bearing, Rolling clement, 

associated parts 

8. REQUIREMENTS 

3.1 Inspection 

3.1.1 All bearings for restoring shall be inspected by vendor prior to re- 
storing at vendor's place of business and at vendor's cost. 

3. 1 . l .1 All Inspection and test procedures shall be In accordance with ASTM 
methods unless otherwise agreed upon fay the vendor and the purchaser. Where 
ASTM methods do not exist, the vendor shall submit Inspection and test proce- 
dures to the purchaser for approval. 

3. 1 . 1 . 2 The vendor shall Inform the purchaser of the test and inspection 
procedures to be used. Once these procedures are established they shall not 
be changed without prior approval in writing of foe purchaser. 
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3.1.2 All bearing component* ter restoring except the rolling elements ehall 
be visually, dimensionally, and hardness Inspected In accordance with 3.1.1 

hereinabove. 

3.2 Rejection 

3.2.1 All bearing rolling elements shall be rejected without inspection. 

3*2*2 Cages or separators not meeting original manufacturer's engineering 
drawing dimensions or specifications or exhibiting gross wear shall be rejected. 
All plating shall be removed from separators prior to inspection. 

3.2.3 All races havix« nicks, dsnto, or other damage on the raceway surface 
extending to a depth greater than 0. 002 inch and/or whose hardness does not con- 
form to original manufacturer's engineering drawing specifications shall be re- 
jected. 

3.2.4 Bearings which have been previously subjected to restoration hy 

grinding shall be rejected. 

3.3 Raw Materials 

3 . 3.1 A1SI M-50 material supplied to this specification for rolling elements 

shall conform to all requirements of AMS 6490 except as described in the follow- 
ing paragraphs. , ,, ^ .. 

3. 3. 1.1 The A1SI M-50 steel supplied to this specification shall have the 


following composition: 



Carbon 0.80-0.85 

Molybdenum 

4.00-4.50 

Silicon 0.15-0.35 

Vanadium 

0.90-1.10 

Phosphorous 0.10-0.25 

Nickel 

0. 10 max. 

Sulfur 0.015 max. 

Cobalt 

0.25 max. 

Chromium 0. 010 max. 

Tungsten 

0.25 max. 


3.3.2 AISI 52100 material supplied to this specification for rolling elements 
shall conform to all requirements of AMS 6444D except as described in the fol- 
lowing paragraphs. 

3.3.3 Materials other than those of paragraphs 3.3.1 and 3.3.2 shall con- 
form to applicable AMS requirements. If. however, AMS requirements do not 
exist for the material, the material shall conform U» the original bearing manu- 
facturer's requirements. 
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3.3.4 Meltira Method - Material shall be produced by vacuum induction 
melting followed by vacuum consumable electrode remelting. The vacuum con- 
sumable electrode remelting process shall be capable of consistently producing 
ingot that is uniform, yielding a billet free from voids and segregation. Inclu- 
sions shall not exceed the limits of AMS 8490. The critical vacuum arc, con- 
sumable electrode remelting process variables shall be continuously monitored 
and recorded by the melter, and In the event that they go beyond the.eetab 14 shed 
limits , in an isolated instance, that area of the ingot shall not be used. The 
established melting practices shall not be changed without informing the pur- 
chaser and receiving approval in writing therefor. 

3.4 Process Requirements 

3.4. 1 All raw material shall be procured only from sources approved by 
the purchaser. 

3.4. 2 Vendor may chrome or nickel plate In accordance with the require- 
ments of AMS 2408 £ or AMS 2404A, the bore surfaces of the inner rings and cut- 
side diameter surfaces of the outer rings, face surfaces, and race land surfaces 
with an alloy to restore these surfaces to original dimensions. 

3. 4. 3 Vendor shall grind and superfinish raceway surfaces and flango sur- 
faces on roller bearing races removing material from said surfaces to a depth 
not less than 0.002 inch nor more than the depth of maximum shear stress under 
foe maximum operational load conditions for the bearing. The vendor shall de- 
fine foe depth of maximum shear stress. The inner and outer raceways and 
flanges shall be ground to equal depths. 

3.4.4. Vendor shall install foe correct number of new rolling elements in foe 

bearings. 

3.4.4. 1 New balls installed in foe bearing shall have a diameter equal to the 
original ball diameter plus twice the grinding depth specified in paragraph 3.4.3. 
The original print IRC shall be maintained. 

3.4. 4.2 New rollers installed in foe bearing shall have a diameter equal to 
foe original roller diameter plus twice the grinding depth specified in paragraph 
3.4.3. The roller length shall be equal to foe original roller length plus twice 
the grinding depth specified in paragraph 3.4.3. The original print IRC shall be 
maintained. 

3. 4. 4. 3 Material for new balls or rollers to be installed in foe bearings shall 
conform to foe specifications in paragraphs 3.3, 3.5, 3.7, and 4. 

3.4. 4.4 Where specified by foe original bearing manufacture, separators 
shall be plated In accordance with AMS 2410 or AMS 2412 as applicable. 
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3.4. 5 Vendor shall inform the purchaser of all manufacturing processes 
and procedures and inspection and quality control procedures used to produce 
parts to this specification and receive written approval from the purAaaer 
therefore. Once these practices are established, they shall not be changed 
without informing die purchaser, and receiving prior approval in writing from 
the purchaser therefor. 

3. 5 Furnished Part Requirements 


3. 5. 1 Hardness - All bearing rollers and balls shall have an. average 
hardness of Rockwell C62 to 64. All hardness values of these rolling elements 
shall be in the range Rockwell C61 to 65. Race hardness shall be according to 
original bearing manufacturer's specification unless otherwise Specified by die 
purchaser. 

3. 5.2 Dimensions and Tolerances - All dimensions and tolerances shall 
be in accordance with original manufacturer's engineering drawings and speci- 
fications except as described In the following paragraphs. 

3. 5. 2 . 1 All balls and roller dimensions shall be in accordance with para- 
graph 3.4.4. 

3. 5. 2. 2 Inner raceways may have diameters less than original specifica- 
tions by an amount equal to twice the grinding depth specified in paragraph 

3. 4. 2. 3. Outer raceways may have diameters greeter than original specifi- 
cations by an amount equal to twice the grinding depth specified in paragraph 

3.4.3. 

3. 5. 2 .3 Raceway groove radius shall be modified to reflect larger ball 
diameter while maintaining the same conformity as in the original specifica- 
tions. 

3. 5.2.4 Width between flange surfaces of cylindrical roller bearings shall 
be increased by an amount equal to twice the grinding depth specified in para- 
graph 3 . 4. 2 . 3 where applicable. 

3. 5. 2.5 Internal radial and axial clearance, all other applicable internal 
geometry, and roller- to- race end clearance as applicable, shall conform to 
original bearing manufacturer's specifications. 

3. 5.3 Surface Finish 

3. S. 3. 1 The surface finish of balls shall be 2 microinches AA or better; 
ball raceways shall be in accordance with Original Specifications or better. 




S. S. 3.2 The surface finish of rollers shall be 6 microinch AA or better 
on the 0. 1). end the ends.- Roller raoeways shall be in accordance Hft ori gina l 
specifications or better. 

3. 5,3.3 Raceway surface finish measurements shall be mad e in die **fel 

direction. 

3.5.4 Retained Austenite - The retained austenite content e»*fH not mrrnd 
3 present as measured fa-acoondaace with paragraph 4. 3. l hezeiifcetow. 

3.6 Traceability 

3. 3. l Vendor shall assign to each restored bearing a number preceded by 
die letter "H" and die vendors trade mark or symbol. This number shall-be 
marked on a face of each of the inner and outer races. 

3.6.2 Records shall be maintained by the vendor to provide traceability 
for each new part to its corresponding heat treat lot, and heat of steel. 

3.6.3 Records shall be maintained by vendor of all restored bearings by 
original part number, restored bearing number, aerial number, and date of 
shipment for a period of 16 years from the date of shipment. 

3.7 Material Record Requirements 

3.7.1 Material identification record shall be retained by die bearing v endo r 
for IS yea^s from the date of completion of the order. When requested by the 
purchaser, the records shall be made available for delivery within three work- 
ing days. This record shall include, as a minimum, the following information: 

(a) Forging vendor's certificate of test, as applicable 

(b) Purchase order number 

(c) Specific heat treatment cycle used (forger and/or bearing vendor) 

(d) Numerical results of all required tests and inspections 

(e) Macro and micro examination test results 

(f) Heat number 

(8) This specification number, CLASS and revision number 

3.8 Qualification Testin g 

3. 8. 1 A lot of ball and roller bearings restored in accordance with this 
specification, where applicable, shall be tested by the vendor at no cost to pur- 
chaser to establish the reliability of bearings restored according to the vendor's 
manufacturing processes and procedures used to produce parts to this specui- 
catlon except as noted in paragraph 3.8.2 hereinbelow. 

3. 8. 1.2 A lot of bearings for qualification testing shall comprise not lees 
than 30 bearings. 
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3. 8. 1. 3 Test conditions shell reasonably duplicate in a test rig those maxi- 
mum speed, load and temperature conditions to which the beating la subjected 
in aircraft applications. Bearing lubrication and lubricant shall be similar to 
that in the-aircmf t application. Teat duration shall be the aircraft TOO time— 
or the bearing life calculated in accordance wit h A8M E met h o ds which* . 
ever be die shortest duration. 

3.8. L. 4 All bearings in a lot shall run to the time specified in paragraph 

3.8.1. 3 hereinabove without failure in. the raceways or cage. Should any bearing 
or twangs fail by lubrication starvation becauae-of test rig failure, said bearing 
ox bearings shall be eliminated from the lot and. other restored bearings substi- 
tuted in their place. 

3.8.2 Vendors Exempt from 8.8.1 

3. 8. 2.1 Original vendor of proposed bearings to be restored are exempt 
from pro via ions of paragraph 3.8. 1 but only to those specific bearing part num- 
bers which said vendor m an u factured. 

3. 8. 2. 2 Vendors who have restored bearings by grinding In accordance to 
this specification and which bearings have been tested in accordance with para- 
graph 3. 8. 1 inclusive shell be exempt from further testing providing die test 
results and documentation are made available to purchaser. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 General 

4. 1. 1 All teat procedures except as herein specified shall be in accordance 
with ASTM methods unless otherwise agreed upon by die vendor and die pur- 
chaser in writing. 

4. 1. 1.1 The vendor shall inform thejmrchaser of dm test and inspection 
procedures to be used. Once these procedures are established they shall not be 
changed without prior approval of the-purchaaer. 

4.1.2 Samples, representative of the shape and aiae of each forging and 
which have been processed through all forging operations along with the parts 
they represent, shall be tested to show conformance to the requirements of this 
specification. The frequency and die number and types of testa shall be per- 
formed to die requirements Of a Quality Control Plan approved by die purchaser. 

4.1.3 Finished parts shall be periodically cut-up and tested to the require- 
ments of this specification. The frequency of testing and die number and types 
of tests shall be performed to the requirements of a Quality Control Plan ap- 
proved by the purchaser . 
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4.2 Grain Size 

4.2.1 Grain size shall be determined per ASTM E112 on samples repre- 
senting each heat treat lot of material. For referee tests, grain size shall be 
determined by comparison of a polished and etched specimen with die diart in 
ASTM El 12. 

4.3 Retained Austenite 

4.3-1 Retained austenite shalLbe determined by x-ray diffraction techniques 
unless otherwise approved by the purchaser. If methods other than x-ray dif- 
fraction are used, the method shall be calibrated to and show agreement with 
x-ray diffraction measurement. 

4.4 Hardness 

4.4.1 Hardness tests shall be conducted in accordance with ASTM E18. 

4.5 Surface Finish 

4.5. 1 Surface finish shall be determined in accordance with AN8I B46. 1. 

5. PREPARATION FOR DELIVERY 

5.1 Packing 

5. 1. 1 All parts shall be suitably packed in accordance with MIL-B-19? to 
prevent damage or loss in shipment. (Class of preservation shall be specified 
by vendor. ) 

5.2 Meriting 

5.2.1 Each shipment shall be legibly marked, as a minimum with the pui'- 
chase order number, manufacturer's name, part name, and part identification 
numbers. 

6. NOTES 

6.1 Classification of Characteristics 

CRITICAL: 3.2.3. 3.4.3, 3. 4.4.1. 3. 4. 4. 3, and 3.5.1 

MAJOR: 3.5.2 and 3.5.3 

MINOR: All other paragraphs 
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TABLE I. - BEARING IDENTIFICATION AND SPECIFICATION 


Bet ring 

210-Size split-inner 
ring ball bearing 

111-Size cylindrical 
roller bearing 

7216-Size angular- 
contact ball bearing 

Federal stock 

8110-727-3032 


3UQal35-2603 

number 




Component part 
number 

1-300-015-04 

1-300-176-03 
( 1-300-17 6-Q4)_ 

205-040-246-3 

Tolerance 
Contact angle 

ABEC-5 
27° to 30° 

RBEC-5 

ABEC-5 

25° 

Bearing steel 

AISI 52100 

AISI M-50 

AISI M-50 

Number of 

14 

16 (20) 

15 

boiling 

elements 




Cage 

Bronze 

Steel (bronze) 

Steel 

material 




Cage type 

One piece, 
inner-land 
riding 

One piece, 
inner-land 
riding 

One piece, 
inner-land 
riding 
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TABLE 0. - RE8T0RABLE BEARING YIELD 



810-fltae split- Inner 
ring ball bearing 

lU-Mse cylindrical 
roller bearing 

7216-RUe angular 
contact ball beax^- 
lng triplex sets 

Number of bearings 
(or sets) for In- 
spection- 

150 

121 

86 

Number of bearings 
(or sets) resto li- 
able 

145 

114 

55 

Restorable bearing 
yield, percent 

96.7 

94.2 

64.0 

Number of roe tor- 
able components 

442 

351 

701* 

Restorable com- 
ponent yield, 
percent 

98.2 

96.7 

91.6 


The 86 triplex sets included 765 components, sinoe three bearings from two sets 
were not returned from the overhaul depot for Inspection. 








TABLE 1U. - ENDURANCE TEST CONOTIONB 


A 


Bearing 

210-fltse split- labor 
ring ballbearing 

111-Siae cylindrical 
roller bearing 

7218- BUe angular- 
contact ball bearing 

Spindle speed-, ipm 

24 000 

24 000 

6600 

Itaullal load, lb 

0 

100 

1905 

Thrust load, lb 

450 

0 

2564 

Lubricant inlet 
temperature, °F 

196*5 

195*6 

150*10 

Lubricant flow 
rate, gpm 

0.38*0.043 

0.38*0.043 

2. 1*0. 3 

Sump capacity, 
gal 

4 

4 

12 

Number bearings 
per sump 

4 

4 

8 

Lubricant change 
Interval, hr 

100 

100 

600 










I Hjur* ?. Tcvt heal tor 210* sift %plit-inn«r rin 9 ImII bearing 
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ROLLING- ELEMENT BEARING RESTORATION - A USERS VIEWPOINT 

by Hubert L. Bull 
Corpus Christ! Army Dspot 

ABSTRACT 

Ball sad roller hearings restored by grinding were inspected and tested in 
T-53 engines and UH-1 transmissions la test cells at Corpus Christ! Army 
Depot (CCAD). Inspection of the restored bearings Including nondestructive^ 
magnetic testing and visual, laser scattered light and scanning electron micro- 
scope inspections revealed that the re s t or e d bearing surfroes were comparable 
to new bearings. Tests In three engines and three transmissions to time periods 
up to ISO and 1500 hours, respectively, revealed no wear or abnormalities In the 
restored bearings. All bearings from these tests were In excellent condition. 
Implementation of a restoration by grinding program for the Army at CCAD is 
recommended. 


INTRODUCTION 

A major concern facing Army aviation is toe replacement cost of component 
parts such as rolling-element bearings. Rolling- element bearings are designed 
for an engine or transmission application based upon toe application design load 
and toe life and reliability expected to assure long term operation. life for 
these bearings are based upon a rolling- elemont fatigue criteria (ref. 1). How- 
ever, only 10 percent of the bearings that are removed have failed from fatigue 
and are not reusable. The other bearings which are scrapped generally have 
eurface damage of the raceways or toe dimensions are not within print. These 
bearings can account for as much as 50 peroent of toe bearings removed at over- 
haul. in most cases toe potential remaining fatigue life of these bearings are 
many tlmea the accumulated hours already on the bearing. Current refurbishing 
methods unfortunately cannot save these bee rings and at toe same time maintain 
the reliability required for aviation application*. 

The NASA Lewis Research Center suggested to the Army Aviation Systems 
Command and toe Corpus Christ! Army Depot a means to salvage those bearings 
which are currently being scrapped by grinding toe raceways. This method wee 
based upon basic research performed by toe NASA and others (ref. 2). 
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Th» cost implications of such a program waa appealing. In addition, the 
delivery time for obtaining restored bearing* would be expected to be from one- 
third to one-half that for obtaining new bearings. Thia would greatly assist 
CCAD loglatloa. 

A pilot program to restore bearing* by grinding waa initiated fay the Army 
Aviation System* Command (AVSCOM) In ooajunctlan with CCAD, die NASA 
Lewis Research Center, and the Industrial Tectonics, too. (ITT) Bearing 
Division. The NASA Lewis Research Center was to furnish to the Army die 
engineering end technical coordination required to. Implement the program; 
AVSCOM was to provide project management and anduranoe testing through 
private Industry, m was to undertake the bearing restoration by grinding in 
conjunction with CCAD; and CCAD waa to furaiah candida te bearings, post 
restoration Inspection end qualification testing on engines and trans- 
missions. This paper describes the work undertaken by CCAD and the 
results, thereof. 


PILOT PROGRAM 

to order to establish the technical and economic feasibility of rolling- 
element bearing restoration by grinding a contract waa awarded Industrial 
Tectonics, too. to examine 628 bearings removed at overhaul from UH-1 
helicopter transmissions and engines. These bearings which are described in 
detail in reference 2 comprise the 210-sise split- inner- ring bell bearing and 
the 111- alee cylindrical roller bearing which are the compressor brant and rear 
bearingB, respectively, of the T-63 engine, and the 7216-sise angular- contact 
ball bearing triplex set from the transmission input pinion shaft. 

Thirty sets of each bearing type which were restored by grinding were sent 
to the NASA for testing under AVSCOM contract under simulated field conditions 
for a time of 1600 hours. This time la the engine and transmission TBO (ref. 2). 

While a great deal of statistical confidence can be obtained from bench typo 
bearing endurance testing, these tests osiyot completely simulate or duplicate 
the actual engine or transmission dynamic and thermal oondltlone. Therefore, 
it waa considered important that a supplemental and complementary program 
be undertaken fay CCAD to teat representative bearings In actual engine end 
transmissions to assure a greater degree of confidence. Twenty sets of each 
gnu? of restored bearings were sent to CCAD. These bearing* were from the 
same production lots as those sent to the NASA for euduranoe testing. 

Prior to testing the bearings In the respective engines and transmissions 
and after visual Inspection by CCAD, the three groups oomp rising 20 bearing 



sets were sent to the Southwest Research Institute (SWBI); AiBWRIJhe bewtogs 
were subjected to advanoed nondestructive testing techniques, including magnetic 
perturbation, and Barkhauscn noise. The bearing surfaoes were also inspected 

by a laser scattered light technique. 

The magnetic perturbation technique was used to nondestruotively detect 
surface and subsurface flaws (Inclusions, cracks, pits, or deals) in Ik# bossing 
racewcya. The method ccnsiets of estahliahing a mapetto fta* la thn tqfim «f 
the material being inspected, and then scanning the surfaoe cf tb s teater iatwite 
a sensitive magnetic probe. The prcba detects aqpmalies orpettafeatMia** 
magnetic flux which are due te the ps eae no a of flsa»s> • 

The Barkhausen noise mqthod was used to naudestructtvely detect residial 
stresses in the raceway subsurface. This technbRta uses a probe fo detect 
Barkhausen jumps, or abrupt movements of the bojup d a ile s magnetic domains, 
as the part is magnetized. The presence of residual stresses in the moeway 
influences these movements and thus the signal received from the ,? robe. 

These were subsequently sent to SKF tednstries. In o. for a charac- 

terisation of the bearing surfaces by visual observations tmdor magnification 
<x60) and photographic documentation utilising scanning electron microscopy. 

G e nerally, four characteristic classification of surfaoe irregularities are 
prominent on the restored bearing raceways. 

1. Surfaoe disturbances 

2. Scratches 

3. Finishing damage 

4. Pits ^ , . 

The term surfaoe disturbances is used to represent any one of several surfaoe 
defects which are generally quite small in nature and result in a disruption in 
the as- ground surface. 

Othor ootential defects that were apparent were from removal or disruption 
of the black oxide coatings on the 72ie-aiae angular-oontac* ball bearings which 
were blnok oxide coated prior to and s u bs eq u ent tp restoration. 

A general summary of the resulte from the various inspection techniques 
for each of the bearing types is preemted in Table 1. te a ps etloa of the hemring 
raoewaya revealed that with few exce^tio n e .a bearings were comparable to 
those of new bearings. While a criterU to* bearing rejection has not been 
established, six each of the 210-aUe split- inaex^ ring ball bearing and the 111- 
eise cylindrical roller bearing which exhibited the largest and most ssrious 
number of dsfeots were chosen for insertion and testing in tbs T-M 
Three triplex sets of the 7£lfl-f»Ue angular- contact ball bearing wars selected 
for testing in the UH-l helicopter transmission. 


■W 
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ENGINE AND TRANSMISSION TESTING 


UH-1 Hellooptor Transmission 

Thetranamission in the UH-1 helicopter is rated at approximately 1400 8HP 
from the engine, Mputspeed is 660 fl jpmwith an output speed at the rotor of 
324 rpm. The oil-in temperature In thelraMmiBBim^ 140° to 

100° F with an oil-out temperature of approximately 200° F. 

The transmission is located directly ahead of the engine and is suspended 
by Pylon mounts on structural support. The unit is coupled to the 

through a short drive shaft. It provides drive a ngl e c h a n ge andspoed 
reductions, through a trainjof spiral bevel gears and a two stage planetary to 
drive die main rotor mast. A free wheel dutch in the input drive <piffl coupli n g 
diseng a ges to allow rotor and gear train to turn freely when the engine is 
stopped or Is idling below rotor driving speed, as in auto- rotational descend. 

The triplex set of 7216-size angular- contact ball bea ri ngs are mounted on 
the input bevel gear pinion shaft. The bearings rotate at a speed of 6600 rpm. 

The set is loaded with a 3175-pound radial and a 4274-thrust load at 1250 HP 
take-off power. The first two bearings in die triplex set are preloaded with a 
50 pound axial load. The third bearing on the set is match ground with a 470 
pound axial preload. 

T-53 Engine 

The T-63 gas turbine engine is a free turbine type power plant developed 
for use in rotary wing aircraft. The engine consists of an inlet section, com- 
pressor section, diffuser section, combustion and e xhaus t seotion. All sections 
are designed so as to include an flow path for die air or hot gasss. The 

sections are structurally interdependent. They support all internal rotating eys- 
tems and provide attaching oapabilittei for engine required external components 
and limited airframe accessorise. 

The engine is rated at 1400 SHF. The oompreeeor operates at 24 000 rpm 
and the power turbine at 21 000 rpm. The power turbine speed ie re&ieed through 
a 3. 2:1 gear box to a speed of 6600 rpm. 

The 210-size split- inner- ring bell bearing is ths front compressor shaft 
bearing. The load ou the tx ng Is approximately 450 pound axial load. The 
oil-in temperature is appr nately 200° F with an oll-oiA temperature of 260 
to 300° F. 

The 111- size cylindrical roller bearing ie located on the oo mpr eeeor rear 
shaft. The radial loads on t.e bearing are nominal and mainly due to wh o l e ne ss 
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due to aerodynamic loads. Hie oll-in temperature is approximately 200° F and 
the oil- out temperature' is apjtrotrtmathly 350° F. 

RESULTS AND DISCUSSION 
Engine Teats 

Two restored 210-sise spilt- inner ring ball bearings and two restored 111- 
sixe cylindrical rollCr.boarings were tested in a T53-L13B engine. . The bearing 
positlonB were as follows: 


Engine position 
number 

Bearing designation 

1 

Ball-210 sise 

2 

Boiler- 111 sise 

3 

Boiler- 111 else 

4 

Ball-210 sise 


this engine had several test items installed, but none were Integral to the 
oil system and failure would not have affected the bearings. The engine was in- 
stalled in CCAD Test Cell No, 6 and a standard production run performed 
4 April 1975. The engine produced military rated power at' 100. .4 percent N1 
rpm at 1105° F exhaust gas temperature referred to standard day conditions. 

The bearing scavenger temperature of the No. 2 bearing package was 325° F 
and the scavenger from the No. 4 bearing was 337° F with an oil inlet tempera- 
ture- of 190° F and a 65° F ambient temperature, atmilitary rated engine power. 

The actual test began on 7 April 1975 and was run on a two- shift basis until 
completion on 21 April 1975. The qualification test was conducted in accordance 
with Lycoming Test Spec XTS313.4. IB. This test requires 150 hours of test 
which accumulates ah actual run time of 178 hours. The 178 hours includes a 
standard production run before And after the teat. 

A spectrographic oil analysis was taken each 6-hovrteet cycle. There \ 

were no unusual metal contamination during die test and no unusual problems < 

otherwise during the test. j 

The initial vibration level of the engine wee well within the specifications. i 

The vibration after- test during the final production run wae well within specified 
limits. The countdown time of the first production run was 61.0 seconds and on 
the final production run was 63. 9 aeoonds. The scavenger oil temperatures at 
the and of the test were the seme se the beginning production nn with oil inlet at j 

194° F sad an ambient temperature of 82° F at military rated power. j 
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A second engine test wss run. with four more restored bearings with a second 
T53- Liafi engine. This engine produced military rated power at 99. 7 percmt Nl 
rpm with a 1052° F exhaust gas temperature referred to st andar d day conditions. 
The oil temperature and vibration readings were within specification • at Ute be- 
ginning and end of test run. This teat was also conducted im accordance with. . 
Lycoming Test Spec XTS313. 4. IB and no unusual problems. were noted. 

A third was run in Teat Cell Ho. 4 with four more restored bearings. 
The. beginning production run was made 21 May UTS. The englne prodpoed mili- 
tary rated power at 100. l percent Nl rpm and -i944® F exhaust gas temperature 
at standard day conditions. The oil-out. temperature forthe roller bearings was 
370° F and for the power turbine bearings 342° F. Tbs oiLinlet temperature was. 
198° F at an ambient temperature of -77° F. 

The engine was removed from tee test cell and reinstalled In Test Cell No. 5 
on 2 June 1975. The qualification teat was conducted to-accordance with Lycoming 
Test Spec XTS313. 4. IB. This test requires 150 hours of test time which came 
out 178:45 total engine running time. This includes s before- and after- standard 
production test and 161 engine start- and- stop cycles. A spectrographic oil analy- 
sis was run by the laboratory with a sample being taken each day. A vibration at 
flight idle (F/I) increased until it was decided to discontinue the test after 74 hours. 

The engine oil filter and the test cell filter were removed. The filters con- 
tained metal traces. The oil sample also had a high Iron content. 

The engine was disassembled and tee bearings inspected with no discrepancies 
found. The bearings showed no signs of damage. Hie gear box and the refection 
gears were inspected with no signs of failure. The engine was reassembled and 
the test resumed. The high vibration problem was corrected, but as tee test pro- 
greased, the vibration level at F/I Increased until the completion of tee test when 
it was near tee maximum limits allowed. Inspection of the hearings after-test re- 
vealed no wear or damage. 

The testing was performed on a two-shift basis until oompleted on 16 July 
1975. No other unusual problems occurred fering tec test. The only discrepan- 
cies noted were an oil leak on the starter drive shaft and the fuel control dttve 

shaft. 0 

The oil- out temperature waa 338° F for the roller bearing* and 393 F for 

the turbine bearings. Ths oil inlet temperature was 181® F at an ambient temper* 
ature of 88° F. The coectdown time at tea beginning of tee test was 63. 9 aeoonda 
and 84. 3 seconds after completion of the teat. In all teste r sported tee bearings 
were in excellent condition. 
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Transmission Teste 


Transmission teste with tee restored triplex bearing sste baps la April 
1975. The first test wse oonducted simulating ss Deeply »s possible, afligss 
profile of the Lycoming Begins Test Spec XTS813.4. IB la 6-hour qyelna. Total 
accumulated la tele test was $00 hours witeno shaarmalttte# acted. 

A ten** 1 transmission test was rna wtth.a-saoasA set of restored beat tags 
t P «i^iw* This test was for SOOJwur* total time ahd. was tested fa tes sstes 
m Aft pravtouatransmlssion. No alaiormalltles wets noted. 

A third transmission was tested. witiuuMiw set rnstored-bsnriage in- 

stalled^ This test waa run 1500 hours total ttmswtteOBt la^wetloa until com- 
pleted. bapeotion revested no excessive wesr tad so abnormalities were noted 
during test. 


GENERAL COMMENTS 

The restored bearings selected for these teats were those with tee largest 
n umber of defects and more serious indications from the baseline inspection date. 
It was concluded from these teste teat the restored bearings performed in a highly 
satisfactorily manner. R is rcoommended teat the technique of restoration by 
grinding be qualified for use by tee Army to recover assets which would otherwise 
be scrapped. It le further recommended teat the program of restoration by grind- 
ing be implemented at CCAD. A specification for restoration by grinding of Army 
aircraft forag e should be developed and adopted by the Army. R is further 
rec omme nded that the remaining bearings he Installed In engines end testing be 
continued at the Army Teet Board, Fort Ruoker, Alabama. 


SUMMARY OF RESULTS 

A program to inspect bearings restored by grinding and s ub seque nt ly to test 
the restored bearings in actual engines and transmissions was performed. In- 
spections included nondestructive magnetic testing sad visual, laser sesttersd 
lig ht, and scanning electron microscope inspections. Engine and transmission 
testing with the restored bearings were performed In CCAD teat OeUa using simu- 
lated flight profiles with the T53-L13B engine and the i mote transmission. 

Three engine teste were performed with a different set of restored bearings on 
the compressor shaft for each test. Three transmission tests wars psxformsd 
with • different set of restored bearings installed on the lapte plniott abaft for 
each teet. All bearings were disassembled and inspected at tee sad of the engine 
and transmission tests. The following results were obtained: 


1. Pretest Inspection of 20 sets of bearings restored by grinding indicated 
that die bearing raceways were comparable to now bearings. 

2. Inspection of the restored 210-aise baU bearings and the lil-sUn seller 
bearings tested in three engine tests fortune periods in excess of 180 hours 
each, revealed weeUant condition of the bossing surfaces. 

3. inspection of tee restored 7210-site bell bearings tested Induce trans- 
mission tests, to time periods to 1600 hours revealed no eases stve wear and no 
abnormalities of tee bearings. 
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TABLE 1. - SUMMARY OF INSPECTION OF RESTORED BEARINGS 

BY GRINDING 


Bearing type and 
number inspected 


Bearings with probable Irregularities as determined 
by various inspection methods, percent 


Magnetic Barkhausen Laser 
pertur- noise soattered 
bation light 


CCAD 

visual 


210-Size split- inner- ring 
ball bearing (20 bearings) 


111-Size cylindrical roller 
bearing (22 bearings) 
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* MICROECONOMIC ANALYSIS OF MILITARY 

AIRCRAFT BEARING RESTORATION 
by Gerald F. Hein 

National Aeronautics and Space Administration 
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Cleveland, Ohio 44135 

< 

ABSTRACT 

The risk and cost of a bearing restoration by grinding program was 
analyzed. A microeconomic impact analysis was performed. The annual 
cost savings to U.S. Army aviation is approximately $950,000.00 for 
three engines and three transmissions. The capital value over an indefi- 
nite life is approximately ten million dollars. The a nnu a l cost savings 
for U. S. Air Force engined is approximately $313, 000. 00 With a capital 
value of approximately 3. 1 million dollars. The program will result in 
the government obtaining bearings at lower costs at equivalent reliability. 
The bearing industry can recover lost profits during a period of reduced 
demand and higher costs. 


INTRODUCTION 

Roller and ball beariig fatigue failures account for approximately 
ten percent of all bearing failures. The remaining 90 percent may be 
attributed to a variety of causes related to manufacturing flaws, human 
error or the effects of dirt and corrosion. Uhlike fatigue failures, the 
other causes of failure are not subject to a tractable analytical proce- 
dure for failure prediction (ref. 1). 

Those bearings removed for reasons other than fatigue failure 
consist primarily of component failures which affect the integrity of 
the bearing and consequently the integrity of the aircraft. In order to 
minimise risk, a subjective judgment is made to remove the bearing 
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and replace it. The usual procedure is to remove hearings during 
overhaul or other work on engines or transmissions, dean and visually 
inspect them for defects and dimensional conformance to print. 8ince 
most hearings are not disassembled during this operation, if there is 
any doubt regarding integrity, die bearing is replaced. 

A-pilot program was undertaken by the AVSCOM and NASA in con- 
junction with Industrial Tectonics, Inc. to es t a b lis h t h e restorible yield 
of bearings which would be candidates for restoration by grinding (refs. 1 
and 2). Using statistics obtained from the Corpus Christi Army Depot 
for a three month period in 1972 for the UH-1 helicopter, out of 4212 
rolling-element bearings which were .removed and discarded at overhaul 
for a calendar quarter it was probable that 90 percent or 9792 could be 
recovered through restoration by grinding. Extra pol a ting these statis- 
tics, it was further speculated that approximately one-half miUJon dollars 
a year could be saved by Army ayiation through bearing restoration by 
grinding (ref. 2). Assuming for purposes of d^cussion that a 90 percent 
recovery can be accomplished, the risk and cost of such a procedure 
must be analysed. 

In addition to the above, consideration should be given to the micro- 
economic impact of bearing restoration upon the bearing market. In 
the event that there is little impact upon the market, and little or no risk 
of using restored bearings, then a bearing restoration program would 
offer the government a significant cost savings over replacement of new 
bearings. If any of the areas produce adverse consequences, restoration 
still cannot be rejected, but the analysis to detsrmlne-overall value be- 
comes considerably more complicated. In this paper, an attempt will 
be made to. determine overall value, risks and dost# associated with a 
bearing restoration program. 

PROCEDURE 

The bearing restoration procedure is nearly the same procedure 
as the manufacturing of new bearings except that much of the work has 
already been performed. The process constitutes approximately the 
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last 30 percent of the total operations required to make a new bearing. 

Of considerable significance is the fact that this portion of the process 
is the least capital Intensive since most of the forming has been done 
and material replacement is confined to ball or roller elements. One 
manufacturer's process (ref. 2) consists, of a grinding operation on the 
outer diameter, bore, land, face, and race. Bores and CD's are grovnd 
and either thin nickel or chrome plated to restore them to original print 
dimensions or salvage dimensions. Inner and outer raceways are re* 
ground to a depth of 0. 002 in. per surface. Since the race radii are 
each approximately 0. 002 in. larger, the bearing must be refitted with 
balls 0.004 in. larger in diameter (ref_2). The effective race curva- 
ture is identical to original dimensions within significant mathematical 
values. Although the bearing contains oversized balls and raceway curva- 
tures, the geometry of the bearing is unchanged and so the stress level 
and estimated life will be identical to the original bearing. A similar 
restoration procedure applies to roller bearings (ref. 2). 

The restored bearing contains new rolling elements such 
as balls or rollers. An advantage of regrinding the raceways is that 
any incipient spalls or cracks will be uncovered; in such cases the part 
will be scrapped. 

The final aspect of the procedure: is that it requires an economic 
lot size production run because of the set-up cost which is about $500. 
Although some manufacturers consider the minimum economic lot size 
to be about 500 bearings, the set up cost per bearing will go from $1 to 
$5 if only 100 bearings are restored in a single lot. For 250 OEM 
bearings, the $5 per bearing set-up cost may be enough to reader res- 
toration uneconomical, but for a $900 OEM bearing, the charge may 
not be significant. At this point an assumption will be made: it is 
assumed that each bearing federal Stock number will constitute one 
potential production lot. That is, the geometry and other characteristics 
of a bearing are uniquely specified by a federal stock number. As a 
result, It is not possible to combine various bearing types to produce 
an economic lot size. 
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In order to conduct a restoration program, it would be necessary 
to establish several inventory policy changes. Additionally, it would be 
: necessary to conduct annual analyses and reviews to ensure that tom rh* 

types selected tor the program are being used.fn sufficient quantity to 
m ai nt ai n qualification for the program. Further, consideration should 
be c onti n u ally given to qualify other bearing types should price or quan- 
tity changes warrant their inclusion in the program. The review and 
analysis should be conducted by a central authority where complete rec- 
ords of bearing consumption are available. 

The review and analysis ideally should be a two stage process; the 
first stage would-consist of a rough screening review and the second, a 
detailed cost review. 

The rough screening review should consist of two criteria; these 
being price and quantity. The. simplest criteria are: if the bearing cost 
exceeds $50 OEM price and replacement is greater 100 
bearings, the bearing passes the rough screening to become a candidate 
for a detailed analysis. Another useful criterion would be: if the demand- 
price product exceeds $5000 per year, the bearing should be a 
for a detailed analysis. 

For the bearings passing the rough screening, the detailed analysis 
would require the following information for each bearing: 

Federal Stock Number 

Annual requirements for replacement 

Technical Data 

Bearing Drawing 
Use 

I Restoration tolerances 

This information should then be sent to potential vendors with a 
request for quotation of prices which should include 
Unit price for 60 percent return 
Unit price for 70 percent return 
Unit price for 60 percent return 
Unit price for 90 percent return 
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The RFQ should stipulate that the quotes include a guarantee that the 
manufacturer will restore a specified fraction cl the rejected hearings 
or incur a penalty. An example of such a penalty where the fraction . 
restored is less than the guaranteed return is, 

(1. 25)x(Guaranteed fraction return minus actual traction return)x 
(number of bearings shipped to vendor)x(Prevalllng scrap price) 
la this case, the vendor is required to pay scrap value pins 2b percent 
for the difference between his guaranteed rate of restoration and the ven- 
dor's actual performance. Also, the vendor will be required to pay the 
prevailing scrap price on (1 - Guaranteed Fraction) of the bearings 
shipped to the vendor. Moreover, the unit price per bearing paid by the 
government would be equal to the lowest unit price of the quoted guaran- 
teed returns. After quotations are returned, the optimal replacement 
policy can be determined by selecting the minimum cost for each bearing 
type using the expression 

For a given i 

MlNTC(i,j,GF ijk ) 

such that 

TCO, ), GF 1Jk ) - Nl(GF 1Jk x UP^) - (1 - GF^SVj) 

+ (1 + GFjjjjHSCy) + (1 - GF^KOEMPj) 

+ (1 - CF^HOEMPSC,)! 

where 

1 bearing type 

j vendor 

k guaranteed fraction index (0. 6, 0.7, 0.8, 0.9) 

TC(i, J, GFy k ) total cost of replacement for bearing type i, using 

vendor j with a guaranteed return rate k 


i 
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N t number of bearings of type i to be shipped to vendor 

GF^ij. guaranteed frsotton return of type i from vendor ] with 
remind. kfr-OF^ 

UP|^ quoted price of restoring one unit of i from vendor j with 
guaranteed fraction k 

8V t prevailing salvage value of bearing type 1 

SCjj one way shipping cost 

OEMP^ original equipment vendor unit price for bearing type 1 

OEMPSC^ shipping cost for one new bearing type i 

This optimization procedure will yield the minimum cost policy for 
each bearing type. A sensitivity analysis should also be performed by 
varying the fraction returned and including the penalty function to deter- 
mine the sensitivity of not meeting the vendor expected performance. In 
the event that the vendor exceeds promised performance, there should 
be no extra Incentive because the vendor will be benefiting directly since 
the vendor is paid for each unit and the government will benefit from a 
lower than expected total cost. 

COST EFFECTIVENESS ANALYSIS 

A partial listing of annual bearing demand was obtained from the 
Army Aviation Systems Command. This listing included current prices 
and annual demand for the following 

ENGINE TRANSMISSION 

T53 UH-1 

T55 CH-47 

TC3 OH-58 

Data on certain prices in effect in 1972 were also available. Table I 
is a comparison of these costs. Although the s a mple Is very small and 
probably not statistically adequate, the information provided is worthy of 


special note. During the period 1972 to 1979, the U.S. economy was 
subjected to a rather severe caoe of demand-pull Inflation. Tbs results 
of such Inflation are that general price levels rise because tbs demand 
for goods and services exceeds the supply available at fa rt s ting prices 
(ref. 3) Another consequence is that there are long delays for indus- 
trial and commercial deliveries and large backlogs in manufacturing 
plants. The backlogs may still be present in the bearing industry for 
some bearing types, but the large price increases are conspic u ous by 
their absence. Reference will be made to this point again. 

An analysis was conducted using the annual demand data from 
AVSCOM. The data are only for the three Army engines and trans- 
missions cited above. Tables 2 and 3 show the stock numbers, annual 
demand, OEM price and estimated restoration price for all bearings In 
the data set which pass the rough screen test criterion of demand - OEM 
price product > $5000 per year. Table 4 is a comparison of cost dif- 
ferences between OEM replacement and a 0. 90 fraction (90 percent) 
programs. The total cost savings of the 0. 90 restoration program is 
approximately $950, 000 for one year for the three engines and three 
transmissions in the data set. If OEM demand cost for bearings is rel- 
atively 'tible despite fluctuations in actual demand for specific types, 
then a ; t«vely constant savings can be accomplished through bearing 
restorat; This value will be approximately one million dollars per 
year. The capital value over r.n indefinite life of such a program is 
approximately ten million dollars for the three e ngine s and three trans- 
missions included in this analysis. 

A similar analysis was performed using data supplied by the U. S. 

Air Force MAT? in Oklahoma City. These data appear in tables 5 and 6. 
The annual cost sayings of bearing restoration for the Air Force engines 
would amount to approximately $313, 000. 00. The capital value over 
an indefinite life of such a program is approximately 3. 1 million dollars. 


73 


I 


RISK AND UNCERTAINTY 

In the previous section, cost quotes by a single bearing manufacturer 
were used to compare the cost-effectiveness of restoration with the pur- 
chase of new bearings. The prices are sufficiently conser vative whereby 
it would not be generally expected that these prices would be exceeded 
in a competetive procurement. Therefore, the cot* savings associated 
with the price quotations would generally be more than may be actually 
achieved. 

The major risk and uncertainty associated with the process is the 
reliability of restored bearings and the yield of production runs. It was 
assumed that a 90 percent yield could be achieved. Therefore, the cost- 
effectiveness analysis was performed using a 0. 90 fractional yield. This 
basic assumption is supported by the inspection of 529 bear fugs comprising 
three bearing types from the UH-1 helicopter (refs. 1 and 2). The inspec- 
tion results indicated a potential yield rate which exceeded 90 percent 
which supports the assumption used herein. Additional inspection data 
should be obtained in order to establish the confidence of the yield rate 
for other bearings and bearing applications. 

Based upon the endurance testing reported in reference 1 for the 
three bearing types discussed above, the reliability of the restored bear- 
ings appears to be very similar to that of new bearings. On the basis 
of these results the risk and uncertainty associated with the reliability 
of restored bearings are no greater than those associated with new bear- 
ings. Further testing of restored bearings from other vendors should 
be conducted to establish the confidence of this conclusion for other res- 
toration by grinding methods. 

If one examines the failure rate as a function of time, experience 
should be similar to the graph in figure 1. The population will initially 
exhibit a high failure rate If it contains some proportion of substandard, 
weak specimens (ref. 4). As these components fail, the failure rate de- 
creases rapidly during the burn-iu or debugging period and stabilises to 
an approximately constant value. During the useful life period, the failure 
rate is at its lowest level. When the components reach the life T w , 
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wearout becomes noticeable and from that time, the failure rate in- 
creases rapidly. The work of reference 1 indicates that such a "bathtub 
function" may be applicable to restored bearings. 

It is noteworthy that the only two failures which occurred out of the 
90 bearings tested were attributed to the new rolling elements. These 
would have also failed In new bearings. The reliability of the bearing 
itself may be greater than that of new bearings because of the probable 
elimination of Infant mortality of the restored bearing raceways. Such 
a tentative conclusion should be reinforced with additional testing of other 
restored bearings. 

MICROECONOMICS OF BEARING INDUSTRY 

The effect of implementing a bearing restoration program will 
primarily be a doubling of the useful life of approximately 90 percent of 
engine and transmission bearings in the program. An obvious question 
is what effect such a program will have upon the bearing industry. To 
answer such a question, it is necessary to delve Into the microeconomics 
of the bearing industry. A key to answering the question lies in the be- 
havior of prices over the period of the last several years. 

From 1972 to 1976, the economics of the west were plagued with 
double digit demand-pull inflation. Increases in aggregate demand 
caused rapid price increases as the Industrial sector approached maxi- 
mum production levels. However, as noted previously in the small 
sample comparison, prices of bearings increased an average 2 ?/'*:•. cent 
annually. Several factors could account for such anomolouS stability. 

If demand for bearings was lower than capacity, this situation might pos- 
sibly dampen price increases because of competition and because there 
would be little need for capital expansion. 

During this period (1972-1976) there was a gradual withdrawal 
from Vietnam. Therefore a decreased demand for bearings is plausible. 
Over a period of a couple of years, If costs were stable and demand de- 
creased, there would be increased competition and tendency reduce 
profits for the sake of optimizing production costs. Such a cc* elusion 
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results from an examination ol total production costs as a function of 
production rate. The elements of total cost are the total fixed costs of 
a facility and the total variable costs. Fixed costs are incurred from 
expenses for depreciation, taxes, utilities, and other indirect expenses. 
Variable costs are incurred from labor and materials. Total costs (TC), 
total variable costs (TVC) and total fixed costs (TFC) are depicted as a 
' function of production rate (units per time unit) in figure 2. 

In addition to these costs there is average cost (AC) which is total 
cost divided by the production rate. Average variable coot (AVC) is the 
total variable cost divided by the production rate; average fixed cost (AFC) 
is the total fixed cost divided by the production rate. If the rate of pro- 
duction is increased and fixed cost is a constant, then the AFC will de- 
crease. The TVC has a tendency to increase rapidly as production is 
started, but will tend to level off to some extent as the optimal plant 
capacity is approached. When this point is exceeded, it will be necessary 
to add labor in the form of overtime or additional personnel and material 
costs will have a tendency to increase. The net effect is that there will 
be a point of inflection in the TVC function. Up to this point, AFC and 
AVC have been decreasing. Thus, the marginal cost (MC), which is the 
incremental cost of increasing the production rate by one unit, has also 
been decreasing. 

Up to this point, the MC has been deereasing at a more rapid rate 
than AC and So it is economical to increase production. However, as 
MC begins to increase, there will be a point at which MC and AC are 
equal. It will not be economical to produce beyond this point over a 
long period because this will have a tendency to raise long run average 
costs. Simultaneously, production rates below the MC equal AC point 
will have a tendency to also Increase long run average costs. Since it 
is desirable to operate near this point where AC equal MC, it may often 
pay to absorb some increased costs rather than to tolerate a decreased 
production rate. This is because these increases will have a tendency 
to increase the optimal production rate which will further increase the 
difference between the market demand rate and the optimal production 
rate. 


If there is a marked reduction of demand in an industry, the impli- 
cations of the preceding discussion are that a manufacturer will have a 
tendency to decrease prices and forgo some profits In order to 
tain a production rate which minimises the average unit cost. Bid, during 
the period of hypothesised demand, decrease, prices for nearly all other 

things were increasing rapidly. During such a period the reduced mar- 
ket industries will have to pass through some price increases, hut 
these increases are most likely to lag the economy as a whole. 

The net effect of decreased demand is depicted in figure 3 for the 
time points T t , T«, T«, and T 4 . The slope of the price line reflects 
a tendency for prices to. increase over time. When demand Slackens 
at To, the industry will reduce prices to some extent until demand is 
stabilized at T 4 . If prices were increasing dramatically in the over- 
all economy and demand for a particular item slackened, the net effects 
would be to damper the rate of price increase for the item in question. 

As the industry demand stabilised, there would then be a tendency to 
increase prices rapidly until some lost profits were recaptured. But 
production rate is still down from previous levels and so the price must 
be increased over what would have been if the demand had not slackened 
(T 5 ). Gr adually prices will stabilise at T e , which is a level necessary 

to maintain previous profits. 

This scenario seems to be what has happened in the bearing industry 
with the present time line corresponding to something between T 4 and 
T in figure 3 if one deflates bearing prices at the same rate as for 
the overall economy from 1972 to 1976. If no other economic changes 
occur in the bearings industry economy, there should be a round of price 
increases coming for the industry in late 1976 or 1977. These increases 
may be mitigated to some extent by the lack of a need for capital expan- 
sion. As depreciation costs decrease in a depressed market, profits can 
be maintained to some extent. 

If a bearing restoration program were implemented, the effects 
would be to reduce demand. This reduction could possibly coincide with 
the predicted price Increases lor late 1976 or early 1977. The net effect 
will be to dampen the magnitude of the Increases. But eventually, the 

increases will come. 
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The total effect seen by the Army Aviation will be a net reduction 
in bearing expenses because of the extended life of the restored bearii^s. 
To predict within an acceptable range of uncertainty, however, would 
require an extensive data gathering task and a more comprehensive 
anal ysis than was p resented herein. 

GENERAL COMMENTS 

A process of bearing restoration by grinding has been compared 
with new replacement of rejected bearings for three engines and three 
transmissions used in military helicopters. The cost advantages of 
using restored bearings is. very significant compared to use of new 
bearings. The risk and uncertainty associated with usiig restored bear- 
ings appear to be no greater than with the use of new bearings. 

A cursory analysis of the microeconomics of the bearing industry 

established a tentative hypothesis that the industry is being squeezed 

» 

because of reduced demand and higher costs. The implication is that 
the industry might well be expected to raise prices in the near future. 

The effect of a bearing refurbishment program would be a softening of 
the price increases because there is equivalent profit in bearing restora- 
tion as in new bearing manufacturing. The advantage to manufacturers 
is the recovery of lost profits, which is essential for the maintenance of 
a healthy industry. The advantages of bearing restoration to the govern- 
ment ire lower costs and equivalent reliability. 

ii. Hanau performed an analysis of the raw material savings associ- 
ated with bearing restoration (ref. 2). The analysis predicts significant 
savings of critical alloying elements. The advantages to the United 
States are that less raw material would be used. The savligs are genu- 
ine because the raw material has intrinsic value. Moreover, there is 
an energy utilization associated with the transformation of this raw 
material to the finished bearing. The value of the savings is the value 
of the material and energy conserved. 
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SUMMARY OF RESULTS 


A pilot program was undertaken by AVSCOM and NASA in conjunc- 
tion with Indue trial Tectonics, Inc. to establish the reetorable yield of 
bearings which would be candidates for restoration by grinding. Assum- 
ing a 90 percent bearing recovery rate can be accomplished, the risks 
and costs of such a procedure were analysed. A microeconomic Impact 
analysis of bearing restoration upon the bearing market was performed. 
The following results were obtained. 

1. The annual cost savings to Army Aviation is approximately 
$950, 000. 00 for three engines and three transmissions. The capital 
value over an indefinite life of such a program is approximately ten 
million dollars. 

2. Based upon U. S. Air Force logistic data, the annual cost sayings 
of bearing restoration for Air Force engines would amount to approxi- 
mately $313,000.00. The capital value over an indefinite life of such a 
program is approximately 8. 1 million dollars. 

3. The advantage of bearing restoration to the government are lower 
bearing costs at equivalent reliability. The advantage to the bearing 
industry is the recovery of lost profits during a period of reduced demand 
and higher costs. 
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APPENDIX - TABLE OF SYMBOLS 

average coat 
average fixed coat 
average variable cost 

guaranteed fraction restoration of type i from J with 
index k 

bearing type 

manufacture 

guaranteed fraction index 
number of bearings of type i 
marginal cost 

original equipment manufacture price 

shipping cost of a new bearing 

one way shipping cost 

salvage value 

total cost 

total fixed cost 

total variable cost 

unit price 
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TABLE 1. - COMPARISON OF UH-1 TRANSMISSION BEARING 
COSTS DURING 4972 AND EARLY 1979 


Federal stock number 

. 1972 price, 

$ 

1976 price, 
$ 

Annual rate of 
price increase, 

% 

8110-00- 133-3378 

56.98 

69.07 

5 

3110-00-133-3379 

219.00 

233.00 

1.5 

3110-00-135-2603 

334.00 

365.00 

2.2 

3110-00-199-7398 

50.83 

50.83 

0 

TABLE 2. -1975 U.S. ARMY AVIATION ENGINE BEARING 

DEMAND AND PRICES 

Federal stock number 

Annual demand 

OEM price, 
$ 

Restoration price 
$ 

T53 engine 

3110-00-727-3032 

516 

64.65 

38.00 

3110-00-995-8007 

108 

60.46 

35.00 

3110-00-071-4568 

552 

90.20 

43.00 

3110-00-421-1814 

315 

51.18 

30.00 

T55 engine 

3020-00-986-0441 

684 

53.56 

32.00 

3020-00-986-0443 

972 

77.18 

41.00 

2840-00-986-0444 

1416 

75.48 

40.00 

3110-00-116-5534 

96 

389.00 

152.00 

3110-00-106-5798 

48 

136.00 

70.00 

T63 engine 

3110-00-426-1195 

840 

58.30 

35.00 

3110-00-199-7398 

1488 

50.83 

30.00 

3110-00-133-3379 

564 

239.00 

100.00 

3110-00-135-2603 

636 

365.00 

130.00 

3110-00-133-3378 

504 

89.07 

32.00 
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TABLE 3. - 1975 U.S. ARMY AVIATION TRANS MBS ION 
BEARING DEMAND AND PRICES 


Federal stock number 

Annual demand 

OEM price, 

$ 

Refurbish price, 

$ 

OH-58 transmission 

3110-00-426-1210 

144 

153 JM) 

77.00 

3110-00-400-2786 

264 

359.00 

130.00 

3110-00-179-7297 

170 

108.00 

50.00 

3110=00-179-7299 

96 

82.10 

42.00 

3110-00=132-1049 

336 

61.53 

36.00 

CH-47 transmission 

3110-00-060-7965 

10 

853.00 

330.00 

3110-00-856-6608 

29 

680.00 

260.00 

3110-00-155-4212 

72 

135.00 

70.00 

3110-00-051-5627 

144 

824.00 

300.00 

3110-00-057-8306 

33 

337.00 

132.00 

3110-00-828=5174 

72 

331.00 

130.00 

3110-00-984-0276 

96 

641.00 

250.00 

3110-00-060-7911 

84 

101.00 

50.00 

3110-00-913-4203 

42 

142.00 

73.00 

3110-00-836-0451 

64 

500.00 

205.00 

3110-00-833-9082 

72 

105.00 

48.00 

3110-00-014-2055 

25 

351.00 

138.00 

3110-00-946-0546 

24 

265.00 

104.00 

3110-00-946-4876 

25 

351.00 

138.00 

3110-00-067-8289 

60 

84.51 

43.00 

3110-00-052-0392 

20 

268.00 

115.00 

3110-00-066-5286 

48 

305.00 

120.00 

3110-00-052-0393 

24 

255.00 

100.00 

UH-1 transmission 

3110-00-199-7398 

1488 

50.83 

30.00 

3110-00-133-3379 

564 

233.00 

100.00 

3110-00-135-2603 

636 

365.00 

130.00 

3110-00-133-3378 

504 

69.07 

32.00 
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TABLE 4. - ARMY OEM VS. 90% RESTORATION FOR 1975 


OEMrepl. cost. Restoration cost, 

$ $ 


T53 engine 

105 

T55 engine 

262 

T63 engine 

522 

OH-58 transmission 

les 

CH-47 transmission 

361 

UH-1 transmission 

473 

Total 

1 890 

Difference 



801. 18 

61 543.62 

405.68 

149 045.70 

970.32 

258 650.37 

723.68 

79 309.02 

643. 60 

165 039.06 

998.32 

227 293.17 

542. 78 

940 880.94 


949 661.84 


# 


I 

d 


TABLE 5. - ENGINE BEARING DEMAND AND PRICES 
FOR 1976 FOR U.S. AIR FORCE 

Federal stock number OEM price, Annual demand Restoration price, 




$ 

S 

$ 

TF33 

3110-00-868- 2741RU 

151.00 

40 

77.00 


3110-00- 830- 1694RU 

444.20 

24 

173.00 


3 110-00-007-69 10RV 

163.92 

72 

84.00 


3 1 10-00- 858- 2683RV 

394.50 

60 

154.00 


3 110-00- 103-7248RV 

222.50 

68 

108.00 


3110^00- 858- 2659RV 

660.30 

72 

258.00 


3 1 10-00- 868- 2742RV 

210.90 

68 

97.00 


3 110-00- 864-9 269RV 

446.20 

64 

174.00 


3110-00-864-9404RV 

210.30 

80 

96.00 

TF30 

3 110-00- 1 82- 8078PQ 

427.93 

136 

167.00 


3 110-00- 274-9830PQ 

493.62 

176 

193.00 


3110-00-412-0498PQ 

1093.96 

200 

427.00 


3110* 00-881-4810PQ 

253.20 

84 

116.00 

• 

3110-00-412-3449PQ 

352. 27 

64 

137.00 


Source: Letter dated 3 May 76: E. L. Ansley, Cldef of Production Branch 
U.S. Air Force MATP, Oklahoma City, Oklahoma. 
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TABLE 6. - AIR FORCE OEM VS. 90% RESTORATION FOR 1976 


OEM replacement coat, , 90 restoration cc.. J . 10 OEM 



$ 

replacement 

$ 

TF33 engine 

174 566.64 

83 556.26 

TF30 engine 

407 671.68 

185 299.97 

Total 

582 238.32 

268 856. 23 

Difference 


$313 382.09 
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